Introduction

T HE U.S. DEPARTMENT OF ENERGY’S REBUILD AMERICA
PROGRAM FOSTERS THE FORMATION OF COMMUNITY AND RE-
GIONAL PARTNERSHIPS TO RENOVATE COMMERCIAL AND MULTIFAM-
ILY RESIDENTIAL BUILDINGS. SPECIFICALLY, REBUILD AMERICA
BOTH HARNESSES THE CAPABILITIES OF EXISTING INSTITUTIONS, OR-
GANIZATIONS, AND PROGRAMS, AND ENCOURAGES THE CREATION
OF NEW INSTITUTIONS THAT CAN SUBSTANTIALLY IMPROVE BUILDING
ENERGY EFFICIENCY AND PROMOTE COMMUNITY AND REGIONAL
DEVELOPMENT.

BY STIMULATING LOCAL LEADERSHIP AND INITIATIVE, THE PROGRAM
EXPECTS TO LAUNCH HUNDREDS OF PARTNERSHIPS THAT WILL RENO-
VATE THOUSANDS OF COMMERCIAL AND MULTIFAMILY RESIDENTIAL
BUILDINGS OVER THE NEXT SEVERAL YEARS. AS A RESULT, LOCAL COM-
MUNITIES THROUGHOUT THE UNITED STATES WILL ENJOY THE ASSOCI-
ATED BENEFITS OF ENERGY-EFFICIENT BUILDINGS. THESE BENEFITS
POTENTIALLY INCLUDE INCREASED ECONOMIC ACTIVITY, JOB CRE-
ATION, MORE AFFORDABLE HOUSING, COST SAVINGS, AND A
HEALTHIER ENVIRONMENT, TO NAME A FEW.

THE PURPOSE OF THIS HANDBOOK IS TO GUIDE YOU AND YOUR LOCAL
COMMUNITY OR REGIONAL GROUP THROUGH THE PROCESS OF BE-
COMING A PARTNER IN THE REBUILD AMERICA PROGRAM AND TO
HELP YOU PLAN AND IMPLEMENT THE ENERGY RETROFIT OF YOUR LO-
CAL BUILDING STOCK. THE HANDBOOK IS ORGANIZED INTO AN
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EIGHT-STEP PROCESS (SEE FIGURE 1) THAT IS NECESSARILY GENERIC.
YOUR PARTNERSHIP SHOULD CUSTOMIZE THE PROCESS AS NEEDED TO
MEET THE SPECIFIC PRIORITIES AND REQUIREMENTS OF YOUR BUILD-
INGS AND COMMUNITY.

ALTHOUGH THE EIGHT PROCESS STEPS ARE DISCUSSED SEQUENTIALLY
IN THIS DOCUMENT, SOME MAY BE CONDUCTED SIMULTANEOUSLY
IN THE INTEREST OF EXPEDITING THE OVERALL EFFORT. PART OF YOUR
TEAM MAY BEGIN INVESTIGATING FINANCING MECHANISMS (STEP
4), FOR EXAMPLE, WHILE ANOTHER PART BEGINS COLLECTING DATA
(STEP 2). SIMILARLY, YOUR TEAM MAY ELECT TO USE COMMISSION-
ING SERVICES (DISCUSSED UNDER STEP 7) FROM THE OUTSET. FOR
THESE REASONS, IF YOU AND YOUR TEAM ARE NOT EXPERTS IN THE
ENERGY RETROFIT OF BUILDINGS, YOU SHOULD BECOME FAMILIAR WITH
THIS ENTIRE HANDBOOK PRIOR TO BEGINNING THE PROCESS; THOSE
PARTNERS WHO ARE EXPERTS IN ENERGY RETROFITS WILL WISH TO FOCUS
ON CHAPTERS 1,5, AND 8, WHICH CONTAIN INFORMATION UNIQUE TO
THE REBUILD AMERICA PROGRAM.

TO COORDINATE AND IMPLEMENT THE PROCESS, YOUR PARTNERSHIP
WILL NEED TO ASSEMBLE A STRONG ENERGY MANAGEMENT TEAM.
ALTHOUGH SEVERAL KNOWLEDGEABLE MEMBERS SHOULD REMAIN
ON THE ENERGY MANAGEMENT TEAM THROUGHOUT THE ENTIRE
PROCESS, THE MAKEUP OF THE TEAM IS LIKELY TO CHANGE WITH
ITS DIFFERENT FUNCTIONS DURING THE VARIOUS STAGES OF YOUR
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PROGRAM. [NITIALLY, YOUR TEAM MAY
BE DEDICATED TO DETERMINING THE
RESOURCES NEEDED TO ACCOMPLISH
LOCAL GOALS, IDENTIFYING THE AVAIL-
ABLE RESOURCES, AND LAYING THE
FOUNDATION FOR FUTURE TEAM RESPON-
SIBILITIES AND STRUCTURE. AS TECHNICAL
WORK ADVANCES, PEOPLE WITH
DIFFERENT SKILLS WILL BE NEEDED ON THE
TEAM TO DEVELOP THE PLAN, PERFORM
ENERGY ASSESSMENTS, CONDUCT AUDITS
OF BUILDINGS, AND TO CONFIRM THE
TECHNICAL MODIFICATIONS AND
CAPITAL RESOURCES NEEDED. As
ACTION PROGRESSES, THE TEAM WILL
CONTINUE TO EVOLVE UNTIL THE RETROFITS
HAVE BEEN INSTALLED AND A FINAL
TEAM, CAPABLE OF HANDLING ALL
ONGOING TASKS, IS ASSEMBLED.

AS YOU AND YOUR TEAM PLAN THESE
ANALYSES, KEEP IN MIND THE POSSIBLE
NEED FOR STAGING YOUR EFFORTS; IT MAY
BE NECESSARY TO CONDUCT SOME INI-
TIAL TESTING OF THE RECOMMENDED
METHODS AND PROCEDURES. FOR IN-
STANCE, IF YOUR TEAM IS UNCERTAIN OF
THE ISSUES INVOLVED IN CONDUCTING
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FIGURE 1. THE EIGHT-STEP PROCESS




AN ANALYTICAL SCREENING OF YOUR ENTIRE TARGETED BUILDING
STOCK, YOU MIGHT FIRST ANALYZE A SUBSET OF THE STOCK TO DE-
VELOP A BETTER UNDERSTANDING OF THE REQUIREMENTS. SIMILARLY,
IF YOU ARE UNCERTAIN OF THE BEST APPROACH FOR CONDUCTING
ENERGY AUDITS, AUDITS OF JUST A FEW BUILDINGS MAY PROVIDE
YOU WITH THE KNOWLEDGE YOU NEED TO SUCCESSFULLY SCALE UP
EFFORTS TO A LARGER NUMBER OF BUILDINGS. THE STAGING REQUIRED
FOR YOUR PARTICULAR PROGRAM WILL DEPEND ON THE MIX OF SKILLS
AVAILABLE ON THE TEAM PERFORMING THE ANALYSIS.

ADDITIONAL INFORMATION ON ANY PART OF THE ENERGY RETROFIT
PROCESS CAN BE OBTAINED FROM A VARIETY OF USEFUL REFERENCE
DOCUMENTS. MANY OF THESE ARE LISTED AT THE ENDS OF THE
CHAPTERS ALONG WITH THE DOCUMENTS CITED IN THE TEXT. |F YOU
NEED ASSISTANCE IN OBTAINING SPECIFIC REFERENCE DOCUMENTS,
CONTACT YOUR ASSIGNED REBUILD AMERICA PROGRAM REPRESEN-
TATIVE. LISTS OF ACRONYMS AND UNITS CAN BE FOUND AT THE
BACK OF THIS HANDBOOK ALONG WITH INFORMATION ON HOW TO
CONTACT THE PROGRAM.

Rebuild America
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T HROUGH REBUILD AMERICA, LOCAL PARTNERSHIPS ARE
FORMED TO DESIGN AND IMPLEMENT THEIR OWN BUILDING
RENOVATION PROGRAMS, TAILORING THEM TO THE UNIQUE NEEDS OF
THEIR COMMUNITIES. THE U.S. DEPARTMENT OF ENERGY (DOE)
MAY PROVIDE QUALIFIED PARTNERSHIPS WITH FINANCIAL ASSISTANCE
OR CUSTOMIZED TECHNICAL ASSISTANCE, OR BOTH. FINANCIAL ASSIS-
TANCE RECEIVED THROUGH THIS PROGRAM MAY BE APPLIED TO
SUCH ACTIVITIES AS PROGRAM ADMINISTRATION, STAFFING, DEVELOP-
MENT OF BUSINESS AND TECHNICAL PLANS, EVALUATION OF BUILD-
ING ENERGY USE, AND TRAINING, BUT NOT CAPITAL INVESTMENTS.

The Initial Partneréhip
Step

TO BECOME A PARTNER IN THE REBUILD AMERICA PROGRAM,
EACH PROSPECTIVE PARTNERSHIP MUST PROVIDE DOE wiTH (1) A
COMMITMENT THAT IT INTENDS TO DEVELOP AN ACTION PLAN AND

(2) AN IDENTIFICATION OF THOSE ORGANIZATIONS THAT WILL ACT TO-
GETHER TO DEVELOP THE PLAN. ONCE THIS INFORMATION HAS
BEEN RECEIVED, DOE WILL ASSIGN YOUR PARTNERSHIP A REBUILD
AMERICA PROGRAM REPRESENTATIVE, WHO WILL FACILITATE YOUR
ACCESS TO WRITTEN MATERIALS AND OTHER RESOURCES THAT CAN
GUIDE DEVELOPMENT OF YOUR PLAN. GENERALLY, A PARTNERSHIP
SHOULD EXPECT TO HAVE ITS ACTION PLAN COMPLETED WITHIN
ONE YEAR.
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EACH PARTNERSHIP MUST BE ABLE TO EFFECTIVELY PLAN, MANAGE,
FINANCE, AND IMPLEMENT ENERGY-EFFICIENT RETROFITS IN LARGE
NUMBERS OF COMMERCIAL AND MULTIFAMILY BUILDINGS. SPECIFI-
CALLY, PARTNERSHIPS PARTICIPATING IN REBUILD AMERICA WILL BE
RESPONSIBLE FOR CONDUCTING THE FOLLOWING FIVE ACTIVITIES:

DESIGN PROGRAMS. PARTNERS WILL DESIGN SPECIFIC ACTIVITIES TO
EITHER LAUNCH NEW, ENERGY EFFICIENCY RETROFIT PROGRAMS OR
SIGNIFICANTLY EXPAND THE REACH AND EFFECTIVENESS OF ONE OR
MORE EXISTING PROGRAMS.

FORM TEAMS. PARTNERSHIPS WILL SOLICIT PARTICIPATION AND COM-
MITMENTS FROM KEY LEADERS OF LOCAL GOVERNMENT AND INDUS-
TRY AND FORM TEAMS TO CARRY OUT THE PARTNERSHIP PROGRAMS.

IDENTIFY AND LEVERAGE RESOURCES. PARTNERSHIPS WILL IDENTIFY
AND EXPLOIT RESOURCES AVAILABLE FROM PRIVATE AND PUBLIC
(BOTH FEDERAL AND NON-FEDERAL) SOURCES.

Rebuild America
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PARTNERSHIPS
CAN EVOLVE
FROM EXISTING
OR NEWLY CON-
CEPTUALIZED
ENERGY PRO-
GRAMS AND
INVOLVE A
VARIETY OF
STAKEHOLDERS.

IMPLEMENT RETROFITS AND PROMOTE THE PROGRAM. PARTNERSHIPS WILL
CARRY OUT RETROFITS THAT ACHIEVE SIGNIFICANT ENERGY SAVINGS IN
A LARGE NUMBER OF BUILDINGS AND WILL MARKET THEIR SUCCESSES
TO EXTEND THE REACH AND BENEFITS OF THE PROGRAM.

VERIFY AND REPORT ENERGY SAVINGS. PARTNERSHIPS WILL TRACK THE
ENERGY IMPACTS OF BUILDING RETROFITS AND REPORT ENERGY SAV-
INGS TO REBUILD AMERICA.

ALL PARTNERSHIPS WILL ALSO BE ENCOURAGED TO SUBMIT INFORMA-
TION ON THEIR SUCCESSFUL LOCAL PROGRAMS SO THAT THEIR EFFORTS
CAN SERVE AS MODELS OF “BEST PRACTICES” FOR REPLICATION IN
OTHER COMMUNITIES. THE APPROACH THAT EACH PARTNERSHIP
INTENDS TO TAKE IN FULFILLING THESE RESPONSIBILITIES WILL BE DE-
SCRIBED IN THEIR ACTION PLAN AND SUBMITTED TO THE REBUILD
AMERICA PROGRAM.

bnenﬂberehip

IN FORMING A REBUILD AMERICA PARTNERSHIP, TWO OR MORE OR-
GANIZATIONS THAT ALREADY OPERATE ENERGY EFFICIENCY PRO-
GRAMS, OR THAT ARE INTERESTED IN CREATING ONE, MUST COME
TOGETHER TO COMBINE AND LEVERAGE THEIR EXPERTISE AND RE-
SOURCES. THE INITIAL BASE FOR A PARTNERSHIP MAY CONSIST OF
EXISTING OR NEWLY CONCEPTUALIZED ENERGY PROGRAMS AND
SHOULD INCLUDE A BROAD RANGE OF INTERESTED STAKEHOLDERS.

O FORMING YOUR PARTNERSHIP

TO ENSURE STRONG LOCAL OR REGIONAL LEADERSHIP AND FOCUS, EACH
PARTNERSHIP MUST INCLUDE AT LEAST ONE REPRESENTATIVE OF STATE
OR LOCAL GOVERNMENT. [N ADDITION, PARTNERSHIPS MAY INCLUDE
ENERGY UTILITIES, ECONOMIC DEVELOPMENT ORGANIZATIONS, PRI-
VATE BUSINESSES, TECHNICAL EXPERTS, AND OTHERS. IN MANY
CASES, FINANCIAL INSTITUTIONS CAN SUBSTANTIALLY AUGMENT A
PARTNERSHIP’S FINANCIAL RESOURCES. SIMILARLY, PARTICIPATION BY
PRIVATE ENERGY PERFORMANCE CONTRACTORS OR ENERGY SERVICE
COMPANIES (ESCOS) CAN STRENGTHEN EXISTING TECHNICAL RE-
SOURCES. CHAPTER 7 OF THIS HANDBOOK ADDRESSES COMPETITIVE
SOLICITATION AND SELECTION PROCEDURES TO HELP ENSURE THAT
YOUR PARTNERSHIP WILL RECEIVE GOOD VALUE FROM SUCH FIRMS.
TYPICAL REBUILD AMERICA PARTNERS AND THEIR CUSTOMARY ROLES
ARE SHOWN IN TABLE 1, WHILE FEDERAL GOVERNMENT PARTNERS
AND THEIR ROLES ARE DESCRIBED IN TABLE 2.

Resources

PARTNERSHIPS ARE ENCOURAGED TO MAKE USE OF LOCAL RESOURCES
THROUGHOUT THE ENTIRE PROGRAM. LOCAL EXPERIENCE AND EX-
PERTISE WILL BE PARTICULARLY HELPFUL IN IDENTIFYING AND ANALYZING
THE BEST OPPORTUNITIES TO IMPROVE ENERGY EFFICIENCY AND OP-
ERATIONS IN YOUR BUILDINGS. IN ADDITION, EACH PARTNERSHIP IS
RESPONSIBLE FOR IDENTIFYING SUFFICIENT CAPITAL RESOURCES TO
IMPLEMENT THE ENERGY EFFICIENCY RETROFITS. A VARIETY OF CAPI-
TAL RESOURCES AND FINANCING MECHANISMS ARE DISCUSSED IN
CHAPTER 4.
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TABLE 1. TYPICAL REBUILD AMERICA PARTNERS AND SUGGESTED ROLES

PARTNER IMPLEMENTATION ROLES
STATE AND LOCAL > PARTICIPATE DIRECTLY AS A LEADER OR MEMBER OF THE PARTNERSHIP.
GOVERNMENT » ASSISTWITH PUBLICITY, BRIEFINGS, AND WORKSHOPS TO INFORM POTENTIAL PARTICIPANTS OF THE REBUILD

AMERICA CONCEPT.
> PROVIDE ORGANIZATIONAL ASSISTANCE IN THE DEVELOPMENT, FINANCING, AND IMPLEMENTATION OF PROGRAMS,
AND ENSURE COORDINATION WITH OTHER GOVERNMENT AGENCIES.

UTiLITY COMPANIES > PARTICIPATE DIRECTLY AS A LEADER OR MEMBER OF THE PARTNERSHIP.
> PROVIDE TECHNICAL AND FINANCIAL RESOURCES (THROUGH REBATES OR OTHER UTILITY-SPONSORED INCENTIVES).
> PROVIDE UTILITY BILLING DATA TO HELP IDENTIFY CANDIDATE BUILDINGS AND TRACK ENERGY SAVINGS.
> ASSIST WITH SELECTION OF EFFICIENCY MEASURES.

FINANCIAL INSTITUTIONS > DIRECTLY FINANCE (OR PROVIDE ASSISTANCE IN FINANCING) EFFICIENCY RETROFIT MEASURES AS PART OF A

MAY INCLUDE LOCAL BANKS, PROGRAM PARTNERSHIP.

ENERGY SERVICE COMPANIES,

REAL ESTATE INVESTMENT

FIRMS, AND THE LIKE.

BUSINESS LEADERS > PARTICIPATE AND ADVISE THE PARTNERSHIP TO ENSURE THAT THE PROGRAM DESIGNED IS OF VALUE TO

CORPORATE AND PRIVATE BUILDING OWNERS.
> HELP RECRUIT OTHERS TO JOIN THE PROGRAM.

EDUCATIONAL INSTITUTIONS > PARTICIPATE DIRECTLY IN THE PARTNERSHIP BOTH TO IMPROVE THE EFFICIENCY OF THEIR OWN BUILDINGS AND

MAY INCLUDE LOCAL UNIVERSI- PROVIDE KEY RESOURCES FOR TRAINING OF ENERGY AUDITORS, BUILDING OPERATORS, AND TRADE PERSONNEL.

TIES. COLLEGES. AND VOCA- » THEY MAY ALSO ASSIST WITH COLLECTION, MANAGEMENT, AND ANALYSIS OF THE DATA REQUIRED FOR PROGRAM
, )

TIONAL SCHOOLS. EVALUATION.

BUILDING OWNERS, > IDENTIFY CANDIDATE BUILDINGS FOR RETROFIT AND ASSIST IN DEFINING AND CARRYING OUT CAPITAL INVESTMENT

MANAGERS, AND OPERATORS STRATEGIES TO IMPLEMENT THE PLAN.

> AID IN TRACKING AND ASSESSING RESULTS TO ENSURE COMPETITIVE RETURN ON INVESTMENTS THROUGH REDUCED
BUILDING ENERGY COSTS.

ENERGY SERVICE COMPANIES > DESIGN AND SPECIFY RETROFIT MEASURESAND/ORINSTALL RETROFIT MEASURES FOR BUILDINGS TARGETED BY THE
PARTNERSHIP.
> IN MANY CASES, PROVIDE TURNKEY SERVICES THAT INCLUDE FINANCING FOR MEASURES AS WELL AS CONTINUING
SERVICES FOR OPERATIONS, MAINTENANCE, AND MONITORING.

ARCHITECTS AND ENGINEERS > BOTH PROVIDE AND RECEIVE INFORMATION AND TRAINING AS AN ACTIVE MEMBER OF THE PARTNERSHIP.
PROVIDE ASSISTANCE IN REFINING THIS INFORMATION AND TRAINING FOR ADDITIONAL APPLICATIONS.

FORMING YOUR PARTNERSHIP T
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TABLE 1 (CONT.). TYPICAL REBUILD AMERICA PARTNERS AND SUGGESTED ROLES

PARTNER

IMPLEMENTATION ROLES

ARCHITECTS AND ENGINEERS
(CONT.)

BUILDERS, REMODELERS, AND
OTHER CONTRACTORS

ENVIRONMENTAL AND ENERGY
CONSERVATION GROUPS

OTHER COMMUNITY
ORGANIZATIONS

EACH COMMUNITY WILL HAVE
OTHER PARTNERS APPROPRIATE
TO THEIR LOCAL PRIORITIES.

TRADE ASSOCIATIONS
INCLUDES ASSOCIATIONS
REPRESENTING ANY OF THE
INDUSTRY PARTNERS LISTED

IN THIS TABLE (E.G., UTILITY
ASSOCIATIONS, ASSOCIATIONS
OF BUILDERS AND REMOD-
ELERS, ETC.).

EQUIPMENT, COMPONENT,
AND MATERIALS VENDORS

Yy v.vy vy

Yy vy v vy

USE AND DISTRIBUTE ENERGY EFFICIENCY RETROFIT TOOLS.
DESIGN, SPECIFY, AND INSPECT RETROFIT MEASURES.

BOTH PROVIDE AND RECEIVE INFORMATION AND TRAINING AS AN ACTIVE MEMBER OF THE PARTNERSHIP.
PROVIDE ASSISTANCE IN REFINING THIS INFORMATION AND TRAINING FOR ADDITIONAL APPLICATIONS.

USE ENERGY EFFICIENCY RETROFIT TOOLS.

INSTALL RETROFIT MEASURES.

PARTICIPATE IN THE PLANNING OF THE LOCAL PROGRAM, PROVIDE TECHNICAL AND FINANCIAL ASSISTANCE
WHEN AVAILABLE, AND AID IN THE PROMOTION OF THE PROGRAM.

SUCH ORGANIZATIONS COULD INCLUDE THOSE ADDRESSING SUCH RELATED PRIORITIES AS ECONOMIC
DEVELOPMENT, URBAN REVITALIZATION, HISTORIC PRESERVATION, OR AFFORDABLE HOUSING.

CONTRIBUTE TO THE DEVELOPMENT AND REFINEMENT OF THE IMPLEMENTATION PLAN.

DEVELOP AND CARRY OUT TRAINING PROGRAMS FOR MEMBERS ON THE VALUE OF ENERGY EFFICIENCY AND
IMPROVED RETROFIT TECHNIQUES.

ASSIST IN THE PROMOTION OF THE PROGRAM AND INCREASE AWARENESS OF ENERGY-EFFICIENCY PRODUCTS.

PROVIDE LEADERSHIP AND IMPROVED FINANCIAL MECHANISMS.

BOTH PROVIDE AND RECEIVE INFORMATION AND TRAINING AS AN ACTIVE MEMBER OF THE PARTNERSHIP.
PROVIDE ASSISTANCE IN REFINING THIS INFORMATION AND TRAINING FOR ADDITIONAL APPLICATIONS.

USE AND DISTRIBUTE ENERGY EFFICIENCY RETROFIT TOOLS.

ASSIST IN THE DESIGN, SPECIFICATION, AND INSTALLATION OF RETROFIT MEASURES.

POSSIBLY PROVIDE FINANCING FOR CERTAIN MEASURES.
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TABLE 2. FEDERAL GOVERNMENT PARTNERS AND THEIR ROLES

FEDERAL PARTNER SUPPORT ROLES
EREC (ENERGY EFFICIENCY AND > SERVE AS A LIAISON FOR DOE ON THE REBUILD AMERICA PROGRAM.
RENEWABLE ENERGY CLEARINGHOUSE) > DISTRIBUTE PROGRAM INFORMATION, PROVIDE TECHNICAL ADVICE, AND GATHER PARTNERSHIP

RESULTS AND “BEST PRACTICES” INFORMATION TO AID REPLICATION BY OTHER COMMUNITIES.

DOE REGIONAL FIELD OFFICES > PROVIDE TECHNICAL ASSISTANCE AND REBUILD AMERICA PROGRAM INFORMATION TO
INDIVIDUAL PARTNERSHIPS.
> SELECTED STAFF FROM DOE FIELD OFFICES WILL SERVE AS “ACCOUNT REPRESENTATIVES” TO
INDIVIDUAL PARTNERSHIPS.

DOE NATIONAL LABORATORIES » PROVIDE TECHNICAL ASSISTANCE AND TRAINING FOR PARTNERS AND TEAMS ON THE PLANNING,
DESIGN, FINANCING, AND MONITORING OF ENERGY-EFFICIENCY MEASURES.

DOE HEADQUARTERS » COORDINATE AND FUND THE REBUILD AMERICA PROGRAM FROM THE NATIONAL LEVEL.
» DEVELOP AND ISSUE ANNUAL SOLICITATIONS FOR FINANCIAL ASSISTANCE AND CUSTOMIZED
TECHNICAL SUPPORT.

Information and Contacts

PARTIES INTERESTED IN BECOMING REBUILD AMERICA PARTNERS
CAN CONTACT THE ENERGY EFFICIENCY AND RENEWABLE ENERGY
CLEARINGHOUSE, ALSO KNOWN AS EREC. CONTACT INFORMATION
IS PROVIDED ON THE BACK COVER OF THIS HANDBOOK. ALTERNA-
TIVELY, YOU OR A PARTNER WHO IS A MEMBER OF THE BUILDING
INDUSTRY CAN CONTACT YOUR STATE ENERGY OFFICE OR LOCAL GOV-
ERNMENT AGENCY TO INQUIRE ABOUT GETTING INVOLVED IN THE
REBUILD AMERICA PROGRAM.

INTRODUCTION Q
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e
Your Data

EFORE YOU CAN BEGIN YOUR INITIAL BUILDING ANALYSES,
YOU WILL NEED TO COLLECT SOME INFORMATION ABOUT THE

ENERGY USE OF YOUR TARGETED BUILDING STOCK. AT THIS STAGE,
YOU SHOULD ASSEMBLE AN ENERGY TEAM, CONSISTING OF PART-
NERS, INDUSTRY EXPERTS, AND OTHER LOCAL PARTICIPANTS, TO COL-
LECT AND ANALYZE THE DATA OR TO OVERSEE THE PROCESS. SOME
PARTNERSHIPS MAY BE FORTUNATE ENOUGH TO ALREADY HAVE AN
ENERGY ANALYST OR OTHER QUALIFIED INDIVIDUAL ON BOARD TO DI-
RECT THE DATA COLLECTION EFFORT. IF NOT, YOUR PARTNERSHIP MAY
WANT TO HIRE ONE AT THIS JUNCTURE. ALTERNATIVELY, YOUR ENERGY
TEAM MAY OPT TO COLLECT AS MUCH OF THE DATA AS POSSIBLE
PRIOR TO HIRING AN EXPERT. HOW YOU PROCEED WILL DEPEND ON
THE FUNDS AND EXPERTISE AVAILABLE TO YOUR PARTNERSHIP.

Rebuild America
WHICHEVER APPROACH YOU DECIDE TO TAKE, THE INFORMATION

IN THIS CHAPTER IS DESIGNED TO GUIDE YOU AND YOUR TEAM
THROUGH THE PROCESS. |IF YOU HAVE AN ANALYST PERFORMING THE
WORK, THE INFORMATION PROVIDED WILL HELP YOU UNDERSTAND
THE OBJECTIVES OF THE PROCESS SO THAT YOU CAN ASSIST IN SET-
TING UP THE NECESSARY CONTACTS AND MAKE OTHER CONTRIBU-
TIONS AS APPROPRIATE. |F YOU AND YOUR TEAM ARE DOING THE
WORK YOURSELVES, THE FOLLOWING OUTLINED PROCEDURES WILL

Defining Your Building Stock

THE PROCESS DESCRIBED IN THIS HANDBOOK WILL HELP YOU TO PROGRESSIVELY NARROW
YOUR FOCUS FROM YOUR ENTIRE BUILDING STOCK, OR PORTION THEREOF, TO THE INDIVIDUAL
BUILDINGS THAT ARE LIKELY TO YIELD THE GREATEST ENERGY SAVINGS. THE TERM “BUILDING
STOCK” CAN MEAN DIFFERENT THINGS TO DIFFERENT PARTNERSHIPS. IN THIS DOCUMENT, THE
FOLLOWING DISTINCTIONS ARE MADE:

> COMMUNITY BUILDING STOCK: ALL COMMERCIAL AND/OR MULTIFAMILY BUILDINGS
IN YOUR COMMUNITY OR UNDER THE JURISDICTION OF YOUR PARTNERSHIP.

> TARGETED BUILDING STOCK: THE PORTION OF YOUR COMMUNITY BUILDING STOCK
THAT YOUR PARTNERSHIP WILL SCREEN TO DETERMINE THE BEST CANDIDATES FOR
ENERGY SAVINGS.

> CANDIDATE BUILDINGS: THE SUBSET OF THE TARGETED STOCK THAT HAS PASSED
THE INITIAL SCREENING PROCESS AND AWAITS FURTHER AND MORE DETAILED EN-
ERGY AND COST EVALUATION.

> SELECTED BUILDINGS: THE BUILDINGS SELECTED TO BE THE FOCUS OF YOUR INITIAL
ENERGY EFFICIENCY RETROFITS.

Your REBUILD AMERICA PROGRAM REPRESENTATIVE CAN PROVIDE GUIDANCE ON THE RANGE OF
BUILDINGS TO BE CONSIDERED IN EACH CATEGORY.

COLLECTING AND ExamininG DATA | |
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SERVE AS A STARTING POINT FOR YOUR DATA COLLECTION EFFORTS. As
SUGGESTED IN THE INTRODUCTION, THIS DOCUMENT NECESSARILY
PRESENTS A GENERIC APPROACH TO EACH STEP OF THE RENOVA-
TION PROCESS. EACH PARTNERSHIP WILL FIND AREAS IN WHICH THEY
NEED TO AUGMENT OR MODIFY THE GENERIC APPROACH TO BET-
TER ADDRESS THEIR PARTICULAR SITUATION. FOR THOSE AREAS, YOU
ARE REFERRED TO DOCUMENTS THAT COVER SPECIFIC CASES OR CON-
TINGENCIES IN GREATER DETAIL. BEAR IN MIND THAT MUCH USEFUL
GUIDANCE WILL ALSO COME FROM YOUR LOCAL AGENCIES AND OR-
GANIZATIONS, LOCAL EXPERTS, AND OTHER LOCAL SOURCES.

THIS CHAPTER 1S DESIGNED TO HELP YOU SELECT AN ENERGY ANALYST
AND BEGIN THE COLLECTION AND EXAMINATION OF DATA ON YOUR
BUILDING STOCK. FOR THOSE WHO ARE UNFAMILIAR WITH UTILITY
PRACTICES AND RATE SCHEDULES, BRIEF EXPLANATIONS AND DEFINI-
TIONS ARE PROVIDED. PARTICULAR EMPHASIS SHOULD BE PLACED
ON ENSURING THE ACCURACY OF THE DATA ELEMENTS, SINCE THEY
WILL PROVIDE THE BASIS FOR SIGNIFICANT FINANCIAL INVESTMENT
DECISIONS. THE FINAL SUBSECTION IN THIS CHAPTER DISCUSSES THE
ADVISABILITY OF COLLECTING LOCAL OR REGIONAL ENERGY PERFOR-
MANCE DATA AS AN ALTERNATIVE TO THE NATIONAL ENERGY USE
INDICES PRESENTED IN THE NEXT CHAPTER.

Selecting an Energy
Analyst

PEOPLE SKILLED AT ANALYZING ENERGY USE IN THE PARTICULAR TYPES
OF BUILDINGS IN YOUR STOCK CAN ASSIST YOUR TEAM IN SELECTING

| @ Coirecring anp Examining DATA

THE BUILDINGS THAT REPRESENT THE BEST OPPORTUNITIES FOR SAV-
INGS. FINDING A SKILLED ANALYST OR ANALYTICAL GROUP IS AN INTE-
GRAL PART OF FINDING THE GOOD OPPORTUNITIES. IN CHOOSING AN
ANALYST, YOU WILL WANT TO LOOK FOR THE FOLLOWING QUALIFICATIONS:

0 BUILDING ENERGY SURVEY SKILLS. THE ANALYST SHOULD BE EXPE-
RIENCED IN USING A LIGHT METER AND OTHER DEVICES FOR
PERFORMING INITIAL ON-SITE TESTING OF A BUILDING’S CURRENT
ENERGY USE CHARACTERISTICS. SUCH SURVEYS ARE INTENDED
TO QUICKLY IDENTIFY BUILDINGS THAT ARE POTENTIALLY LARGE
CONSUMERS OF ENERGY; ACCORDINGLY, ANALYSTS DO NOT
NECESSARILY NEED THE FULL SET OF SKILLS USED BY ENERGY AU-
DITORS (DISCUSSED IN CHAPTER 6).

0 DATA COLLECTION EXPERIENCE. THE INDIVIDUAL SHOULD HAVE
DEMONSTRATED EXPERIENCE IN COLLECTING BUILDINGS CHAR-
ACTERISTICS AND ENERGY DATA FROM UTILITIES, USING FLOOR
PLANS, DEVELOPING OCCUPANT QUESTIONNAIRES, CONDUCT-
ING BUILDING OWNER/OPERATOR PHONE INTERVIEWS, AND
SO FORTH.

0 BUILDING ENERGY ANALYSIS EXPERTISE. THE ANALYST SHOULD BE
EXPERIENCED WITH METHODS FOR ANALYZING ENERGY SAV-
INGS FROM RETROFITS AND METHODS FOR ASSESSING THE RELA-
TIVE ENERGY EFFICIENCY OF BUILDINGS. HE OR SHE SHOULD
ALSO BE FAMILIAR WITH METHODS FOR HANDLING UTILITY-ME-
TERED DATA, FAMILIAR WITH BUILDING ENERGY METERING
METHODS, KNOWLEDGEABLE ABOUT HOW ENERGY IS USED
IN DIFFERENT TYPES OF BUILDINGS, AND SKILLED AT IDENTIFYING



THE BUILDINGS THAT ARE THE BEST CANDIDATES FOR ENERGY
EFFICIENCY MEASURES.

0 COMMUNICATION AND COMPUTER SKILLS. THESE SKILLS SHOULD
INCLUDE THE ABILITY TO HANDLE DATA ARCHIVES AND PRO-
VIDE BACKUP, THE ABILITY TO HANDLE LARGE DATA FILES,
FAMILIARITY WITH DATA PROCESSING SOFTWARE (IF A LARGE
NUMBER OF BUILDINGS ARE TO BE ANALYZED), AND THE ABIL-
ITY TO GENERATE USEFUL REPORTS AND PRESENTATIONS.

A QUALIFIED ENERGY ANALYST OR ANALYTICAL GROUP CAN BE IDENTI-
FIED THROUGH LOCAL BUSINESS DIRECTORIES AND ASSOCIATIONS OR
BY CONSULTING LOCAL UTILITIES, GOVERNMENT ENERGY AGENCIES,
AND ARCHITECTS. ENGINEERING FIRMS ALSO PROVIDE SUCH SERVICES
OR CAN DIRECT YOU TO LOCAL EXPERTS.

Collecting Building
Characteristics Data

YOUR FIRST DATA COLLECTION TASK INVOLVES THE GATHERING OF
BUILDING CHARACTERISTICS DATA FOR YOUR BUILDING STOCK. THESE
DATA ITEMS DESCRIBE THE NATURE AND SIZE OF EACH TARGETED
BUILDING AND ARE ESSENTIAL TO THE CORRECT INTERPRETATION OF
THE ENERGY DATA. OF THE TOP FIVE BUILDING DATA ELEMENTS
SHOWN IN THE BOX ON THE FOLLOWING PAGE, THE FIRST TWO ARE
NEEDED FOR EACH MULTIFAMILY BUILDING AND THE LAST FOUR ARE
NEEDED FOR EACH COMMERCIAL BUILDING. ALL OF THESE ITEMS
SHOULD BE RELATIVELY EASY TO OBTAIN.

FLOOR-AREA VALUES ARE OFTEN AVAILABLE FROM THE PROPERTY
OR LEASE RECORDS. SUCH VALUES ARE LIKELY TO BE BASED ON
USABLE CONDITIONED FLOOR AREA. INSURANCE AND CONSTRUC-
TION COSTS ARE GENERALLY ESTIMATED ON THE BASIS OF GROSS
FLOOR AREA, WHICH IS THE TOTAL FLOOR AREA ON ALL LEVELS OF A
BUILDING MEASURED FROM THE OUTSIDE SURFACE OF THE WALLS
(OR FROM THE CENTERLINE OF WALLS OF ATTACHED BUILDINGS).
OTHER METHODS OF MEASUREMENT MAY ALSO BE USED; THE
IMPORTANT THING IS TO USE A CONSISTENT SET OF FLOOR-AREA
DATA FOR YOUR BUILDING STOCK.

THE ADDITIONAL BUILDING DATA ELEMENTS SHOWN IN THE BOX WILL
TYPICALLY BE NEEDED FOR LATER USE IN THE EVALUATION OF INDI-
VIDUAL BUILDINGS. |F THESE DATA ELEMENTS ARE READILY AVAIL-
ABLE, IT MAY BE BEST TO COLLECT THEM NOW, ALONG WITH THE
REQUIRED DATA. |F THEY ARE DIFFICULT TO OBTAIN, YOU MAY WISH
TO WAIT UNTIL AFTER THE INITIAL ANALYSIS, WHEN THE FOCUS IS LIKELY
TO BE ON A SMALLER NUMBER OF BUILDINGS.

Collecting Energy Data

FOR EACH BUILDING IN THE STOCK TARGETED BY YOUR PARTNER-
SHIP, YOU WILL ALSO NEED TO COLLECT ENERGY DATA. A MINI-
MUM OF ONE YEAR OF MONTHLY DATA IS REQUIRED FOR THE BA-
SIC ANALYSIS OF YOUR TARGETED BUILDING STOCK, BUT TWO YEARS
OF DATA ARE MORE DESIRABLE SINCE THAT IS THE AMOUNT
NEEDED TO PERFORM CERTAIN GRAPHICAL ANALYSES. THE SPE-
CIFIC DATA ELEMENTS THAT NEED TO BE COLLECTED FOR EACH

Rebuild America

REMAIN CONSIS-
TENT IN THE WAY
YOU MEASURE
FLOOR AREA
THROUGHOUT YOUR
BUILDING STOCK.
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Building Characteristices Data Elements

>

>

Needed

NUMBER OF DWELLING UNITS IN MULTIFAMILY BUILDINGS (AND

SQUARE FOOTAGE OF A TYPICAL UNIT, IF AVAILABLE)
BUILDING TYPE AND USE (I.E., PRINCIPAL BUILDING ACTIVITY)

TOTAL SQUARE FOOTAGE OF THE FLOOR AREA INCLUDED IN
COMMERCIAL BUILDINGS

TYPE OF SQUARE FOOTAGE (E.G., GROSS, NET RENTABLE, NET
USABLE, ETC.)

HOURS OF OCCUPANCY FOR COMMERCIAL BUILDINGS—THE
ACTUAL AMOUNT OF TIME THAT THE BUILDING IS USED
ON A MONTHLY BASIS (THE HOURS OF BUSINESS OPERA-
TION PLUS ANY ADDITIONAL HOURS IN WHICH SIGNIFICANT
OCCUPANT ACTIVITY OCCURS)

Additional

OWNERSHIP/OCCUPANCY (IT MAY BE USEFUL TO KNOW
WHO OCCUPIES A BUILDING WHEN COMPARING IT TO
OTHER CANDIDATE BUILDINGS. OWNER-OCCUPANTS
HAVE THE GREATEST INCENTIVE TO IMPLEMENT ENERGY-
SAVING MEASURES)

BUILDING AGE

| A1 CoiLEcTING AND EXAMINING DATA

PLANS AND SPECIFICATIONS (THE TEAM SHOULD TRY TO OB-
TAIN “AS-BUILT” PLANS AND SPECIFICATIONS FROM THE
BUILDING OWNER OR MANAGER. |F NOT AVAILABLE,
SINGLE-LINE DIAGRAMS WILL NEED TO BE DRAWN TO INDI-
CATE THE EQUIPMENT IN PLACE, CONNECTED LOADS,
AND OTHER MAJOR FEATURES)

TYPES OF RENOVATIONS PREVIOUSLY PERFORMED

ENERGY SYSTEM OPERATION AND MAINTENANCE (O&M)
PRACTICES (IF AVAILABLE, O&M LOGS AND EQUIPMENT
MANUALS HELP INDICATE HOW EQUIPMENT IS BEING
OPERATED AND MAINTAINED AND HOW CHANGES IN
O&M ROUTINES MAY HAVE AFFECTED EQUIPMENT PER-
FORMANCE. VALID WARRANTIES AND GUARANTEES ON
EQUIPMENT THAT MAY BE MODIFIED COULD ALSO BE
USEFUL)

HEATING AND COOLING FUELS

TYPE OF CONTROL SYSTEM

TYPES OF LIGHTING (BY PERCENTAGE OF FLOORSPACE)
TYPE OF HEATING/COOLING SYSTEM

EXTENT OF COMPUTER USE BY OCCUPANTS (GENERAL TYPES
AND ESTIMATED QUANTITIES)
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Energy Data Elements

Electric

>  BUILDING IDENTIFICATION—AS DETERMINED BY UTILITY
ACCOUNT NUMBER, METER LOCATION, AND/OR
CUSTOMER NAME

> METER NUMBER

>  BILLING START AND END DATES

»  MONTHLY TOTAL ELECTRICAL CONSUMPTION (IN KWH)

» MONTHLY PEAK ELECTRICAL DEMAND (IN KW, IF
AVAILABLE FROM THE UTILITY)

»  MONTHLY ToTAL ELECTRICAL COST (IN $)

> RATE SCHEDULE IDENTIFICATION

OPTIONAL DATA ELEMENTS THAT MAY ALSO PROVE USEFUL IN-
CLUDE THE FOLLOWING:

>  MONTHLY ELECTRICAL OFF-PEAK CONSUMPTION
(KWH/MONTH) —MAY NOT BE USED BY THE UTILITY
DIRECTLY, BUT MAY BE AVAILABLE THROUGH 15-
MINUTE DEMAND DATA FOR OFF-PEAK HOURS

> MONTHLY ELECTRICAL ON-PEAK CONSUMPTION

(KWH/MONTH) —MAY NOT BE USED BY THE UTILITY

» CONTRACT DEMAND (IN KW)

>  AVERAGE ELECTRIC CONSUMPTION UNIT COST
(N $/KWH)

»  AVERAGE ELECTRIC DEMAND UNIT CosT (IN $/kW)

Gas

>  BUILDING IDENTIFICATION

» METER NUMBER

>  BILLING START AND END DATES

» MoNTHLY NATURAL GAS CONSUMPTION (IN KBTU)—IF GAS
CONSUMPTION IS REPORTED IN OTHER UNITS, IT SHOULD
BE CONVERTED TO KBTU; REFER TO APPENDIX A

»  MoNTHLY NATURAL GAs CosT (IN $)

> RATE SCHEDULE IDENTIFICATION

OPTIONAL DATA ELEMENTS THAT MAY ALSO PROVE USEFUL INCLUDE
THEFOLLOWING:

» AVERAGE GAS CONSUMPTION UNIT CosT (IN KBTU)
» MONTHLY PEAK GAS DEMAND (IN KBTU/DAY)

Other Fuels

= SIMILAR DATA CAN ALSO BE COLLECTED FOR FUEL OIL,
PROPANE, COAL, PURCHASED STEAM, AND CHILLED
WATER, IF APPLICABLE TO YOUR BUILDING STOCK.

COLLECTING AND EXAMINING DATA | §
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BUILDING ARE LISTED IN THE BOX ON THE PREVIOUS PAGE.
THOSE ELEMENTS THAT ARE NOT SELF-EXPLANATORY ARE DIS-
CUSSED LATER IN THIS CHAPTER. IF YOU NEED TO CONVERT YOUR
DATA TO THE UNITS INDICATED IN THIS LIST, YOU MAY WANT TO
USE THE UNIT CONVERSIONS TABLE PROVIDED IN APPENDIX A.
THE BEST SOURCE FOR ENERGY DATA IS USUALLY THE UTILITY OR UTILITIES
PROVIDING ENERGY SERVICES TO THE BUILDINGS UNDER CONSIDER-
ATION. |F THE DATA ELEMENTS YOU WANT ARE NOT ALREADY AVAIL-
ABLE FROM PAST UTILITY BILLS, THEY MAY BE OBTAINED THROUGH
YOUR UTILITY ACCOUNT REPRESENTATIVE. SOME UTILITIES ALSO OFFER
A RANGE OF PROGRAMS AND SERVICES, FROM ENERGY AUDITS TO
REBATES OR FINANCING PROGRAMS FOR THE INSTALLATION OF ENERGY-
EFFICIENT EQUIPMENT. YOU WILL FIND IT USEFUL TO ESTABLISH A
CONTINUING WORKING RELATIONSHIP WITH YOUR UTILITY ACCOUNT
REPRESENTATIVE AND TO UNDERSTAND THE CONDITIONS AND COSTS
OF THE SERVICES PROVIDED.

Requesting Data from Utilities

UPON REQUEST, UTILITIES CAN PROVIDE THEIR CUSTOMERS WITH

DATA ON ENERGY CONSUMPTION IN THEIR BUILDINGS. THESE DATA
ARE USUALLY AVAILABLE IN A FORMAT SIMILAR TO THAT OF MONTHLY
ENERGY BILLS AND COVER A PERIOD OF 12 TO 24 MONTHS (OR BILLING
CYCLES) PRIOR TO THE DATE OF INQUIRY. |F DIFFERENT FUELS ARE PRO-
VIDED BY MORE THAN ONE UTILITY, CONSUMPTION DATA SHOULD
BE GATHERED FROM EACH COMPANY.

SOME UTILITIES WILL REQUIRE A WRITTEN REQUEST (INCLUDING AUTHO-
RIZATION FROM THE BUILDING OWNERS) BEFORE THEY WILL RELEASE

1O CoiLecTinG AND EXAMINING DATA

THE APPROPRIATE DATA (SEE SAMPLE LETTER IN FIGURE 2). IN OR-
DER TO ENSURE A PROMPT AND THOROUGH RESPONSE, EXPERIENCE
SHOWS THAT DURING THE INITIAL CONTACT, BOTH THE REQUESTER
AND THE SUPPLIER OF BUILDING ENERGY INFORMATION SHOULD HAVE
TOP-LEVEL AUTHORITY IN THEIR RESPECTIVE ORGANIZATIONS. FOR EX-
AMPLE, THE MAYOR OR HIS OR HER IMMEDIATE ASSISTANT MIGHT
MAKE THE FIRST CONTACT WITH THE UTILITY’S GENERAL MANAGER TO
EXPLAIN THE NEED TO QUANTIFY ENERGY CONSUMPTION BY THE
TARGETED BUILDING STOCK AND REQUEST COOPERATION ON THE
PROJECT. UPON AGREEMENT, CONTACTS SHOULD BE SET UP WITHIN
BOTH ORGANIZATIONS TO HANDLE THE TRANSFER OF ENERGY DATA.

DATA MAY BE REQUESTED IN SEVERAL FORMATS, ALTHOUGH AN
ELECTRONIC FORMAT IS THE MOST EFFICIENT. PLAIN-TEXT VERSIONS OF
THE DATA (SOMETIMES CALLED ASCIl) ARE OFTEN THE EASIEST TO
TRANSFER FROM ONE COMPUTER TO ANOTHER, BUT YOU WILL WANT
TO MAKE CERTAIN THAT THE FORMAT YOU REQUEST CAN BE READ
EASILY ON YOUR OWN COMPUTER. SINCE MANY UTILITIES MAINTAIN
ARCHIVAL DATA ON MAINFRAME COMPUTERS, YOU MAY HAVE TO
ARRANGE FOR THE DATA TO BE TRANSFERRED FROM TAPES TO DIS-
KETTES. AT A MINIMUM, YOU WILL WANT TO REQUEST DATA FOR THE
MOST RECENT 12 MONTHS OR BILLING PERIODS AND, IF POSSIBLE,
YOU SHOULD OBTAIN 18 TO 24 MONTHS OF DATA TO SUPPORT FUR-
THER ANALYSES.

TYPICALLY, YOU WILL NEED TO CONFIRM THE ACCOUNT NUMBERS
AND SERVICE ADDRESSES OF THE TARGETED BUILDINGS. |T MAY BE
DIFFICULT TO MATCH UTILITY METERS WITH THEIR CORRECT BUILDINGS
AND ACCOUNTS AND TO VERIFY WHICH BUILDINGS ARE METERED,



DATE

Ms./MR.

UTILITY ENGINEER

CITY OF

ADDRESS

CiTy, STATE

DEAR

ZIp

RE: REQUEST FOR BILLING INFORMATION

| ENJOYED THE OPPORTUNITY TO SPEAK WITH YOU ON AUGUST 5 AND APPRECIATE YOUR WILLINGNESS TO PROVIDE THE
ELECTRICAL BILLING HISTORY AND RELATED INFORMATION FOR OUR ANALYSIS. SIGNED AUTHORIZATIONS FROM THE BUILDING
OWNERS ARE ENCLOSED. WE ARE REQUESTING THE FOLLOWING DATA FOR ALL FACILITIES SHOWN ON THE ATTACHED LIST
FOR THE PERIOD OF JANUARY 1, 1994, THROUGH THE MOST RECENT BILLING:

>

>

SERVICE ADDRESS;

ACCOUNT ADDRESS, IF DIFFERENT THAN SERVICE ADDRESS;

ACCOUNT NAME;

ACCOUNT NUMBER;

METER NUMBER;

BEGINNING AND ENDING DATES FOR EACH BILLING PERIOD;

METER READING OR TOTAL KWH FOR EACH BILLING PERIOD;

PEAK DEMAND (IN KW);

TOTAL CHARGES, MINUS SPECIAL SERVICE FEES, FOR EACH BILLING PERIOD;
APPLICABLE RATE SCHEDULE;

OFF-PEAK CONSUMPTION (KWH) FOR EACH BILLING PERIOD (IF APPLICABLE); AND
ON-PEAK CONSUMPTION (KW) FOR EACH BILLING PERIOD (IF APPLICABLE).

THANK YOU FOR YOUR COOPERATION IN SUPPLYING US WITH THE BILLING RECORDS FOR THESE FACILITIES. IT WOULD BE HELPFUL
IF WE WERE TO RECEIVE THE INFORMATION BY THE END OF AUGUST. IF YOU HAVE QUESTIONS REGARDING MY REQUESTS,
PLEASE DO NOT HESITATE TO CALL ME.

SINCERELY YOURS,

ENCLOSURE

FIGURE 2. SAMPLE LETTER REQUESTING DATA FROM UTILITY

Rebuild America

BUT THESE STEPS ARE NECESSARY TO CON-
FIRM THE RESULTS OF ANY EFFICIENCY IM-
PROVEMENT EFFORTS. SINCE SOME
BUILDINGS MAY BE SERVED BY MORE
THAN ONE METER, STEPS SHOULD BE
TAKEN TO ENSURE THAT NO METER IS
COUNTED TWICE OR OMITTED ALTO-
GETHER. YOUR UTILITY ACCOUNT REPRESEN-
TATIVE SHOULD BE ABLE TO ASSIST YOU IN
LOCATING AND IDENTIFYING SERVICE LO-
CATIONS AND ACCOUNT NUMBERS.

Understanding
Your Utility Bill

ALTHOUGH A UTILITY BILL USUALLY COVERS A
SINGLE BUILDING, OTHER ARRANGEMENTS
ARE NOT UNCOMMON. LARGE INSTALLA-
TIONS, SUCH AS MILITARY BASES OR EDU-
CATIONAL FACILITIES, GENERALLY HAVE
ELECTRIC POWER PROVIDED TO A FEW
LOCATIONS OR TO A SUBSTATION. FROM A
SUBSTATION, THE POWER IS DISTRIBUTED
TO END-USERS BY WAY OF A FACILITY-
OWNED TRANSMISSION AND DISTRIBUTION
SYSTEM. [N SUCH SITUATIONS, END-USERS
MAY HAVE INSTALLED THEIR OWN SUB-
METERING DEVICES TO TRACK ENERGY USE
BY BUILDING OR OTHER FUNCTIONAL AREA.

COLLECTING AND EXAMINING DATA
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FOR EACH METERED SERVICE DELIVERY POINT, UTILITIES GENERALLY
SEND OUT MONTHLY STATEMENTS. EACH STATEMENT COVERS A
BILLING CYCLE (TYPICALLY BETWEEN 20 AND 40 DAYS) AND PRO-
VIDES INFORMATION SUCH AS THE METER NUMBER, PRESENT AND
PREVIOUS READINGS, MONTHLY CONSUMPTION, PEAK DEMAND,
AND THE TOTAL MONTHLY COST TO THE CUSTOMER. THE UTILITY BILL,
IN CONJUNCTION WITH THE RATE SCHEDULE AND APPLICABLE RIDERS,
SHOULD PROVIDE SUFFICIENT INFORMATION FOR YOUR TEAM TO RECAL-
CULATE THE BILL AND ENSURE THAT IT IS ACCURATE, IF WARRANTED.

RATE SCHEDULES. MONTHLY BILLS ARE BASED ON UTILITY RATE
SCHEDULES CORRESPONDING TO THE CLASS OF SERVICE RECEIVED
BY THE CUSTOMER. THE RATE SCHEDULE IS A CONTRACT BE-
TWEEN THE UTILITY AND THE CUSTOMER AND INCLUDES PROVI-
SIONS REGARDING THE AVAILABILITY, APPLICABILITY, AND CHARAC-
TER OF THE SERVICE; A BREAKDOWN OF RATE CHARGES; OPERAT-
ING PROCEDURES; MINIMUM BILLING CHARGES; AND TERMS AND
CONDITIONS FOR PROVIDING SERVICE. SEVERAL DIFFERENT RATE
SCHEDULES ARE AVAILABLE FROM THE UTILITIES, WHICH DO THEIR
BEST TO MATCH THE NEEDS OF THE CUSTOMER TO THE MOST
RELIABLE AND ECONOMICAL CLASS OF SERVICE.

UTILITY RATE SCHEDULES MAY VARY AMONG UTILITIES AND EVEN
AMONG BUILDINGS SERVED BY THE SAME UTILITY. AS A RULE, THE
ELECTRIC UTILITY RATE SCHEDULES TEND TO BE MORE COMPLEX
THAN GAS RATE SCHEDULES. IF YOU HAVE ANY QUESTIONS ABOUT
YOUR LOCAL RATE SCHEDULE, YOU SHOULD DIRECT THEM TO YOUR
UTILITY ACCOUNT REPRESENTATIVE. THE SAME INDIVIDUAL
SHOULD BE ABLE TO HELP YOU IDENTIFY THE SPECIFIC RATE

| 8 CoiecrivG AnD ExamininG DATA

SCHEDULES FOR YOUR BUILDING STOCK AND DETERMINE THE COST
BENEFITS OF MANY POTENTIAL RETROFIT ACTIVITIES.

RATE SCHEDULES ARE PRIMARILY BASED ON ENERGY CONSUMPTION
AND DEMAND. THESE KEY FACTORS ARE DISCUSSED BELOW, WHILE
OTHER TERMS TYPICALLY FOUND IN ELECTRIC AND GAS RATE SCHED-
ULES ARE DEFINED IN FIGURES 3 AND 4, RESPECTIVELY.

ELECTRICAL CONSUMPTION. THE COST FOR DIRECT CONSUMPTION IS
BASED ON A $/KWH CHARGE, AND MAY BE ADJUSTED SEASON-
ALLY. OTHER DIRECT AND INDIRECT CONSUMPTION CHARGES SUCH AS
THE FUEL CoST ADJUSTMENT, THE PURCHASED POWER COST RE-
COVERY FACTOR, AND THE COGENERATION PoweR CoST (AS DE-
FINED IN FIGURE 3) MAY NOT ALWAYS APPEAR ON THE MONTHLY
UTILITY BILL, OR MAY, FOR SIMPLICITY, BE INCORPORATED INTO THE
OVERALL COST FOR CONSUMPTION. THE TIME OF DAY OF CONSUMP-
TION MAY ALSO INFLUENCE UTILITY COSTS: SOME ELECTRIC UTILITIES
DIVIDE TOTAL CONSUMPTION INTO PEAK AND OFF-PEAK COMPO-
NENTS AND CHARGE ACCORDINGLY. PEAK SUPPLY HOURS FOR A UTIL-
ITY GENERALLY OCCUR BETWEEN THE HOURS OF 8 A.M. AND 9 P.M.,
AND THE COST OF ENERGY TO CONSUMERS DURING THIS TIME MAY
BE NEARLY DOUBLE THE OFF-PEAK COST.

ELECTRICAL DEMAND. DEMAND CHARGES ARE ALSO SIGNIFICANT AND
SHOULD BE CLEARLY UNDERSTOOD. ELECTRICAL DEMAND IS DEFINED
AS THE INSTANTANEOUS NEED FOR ELECTRICAL ENERGY, OR THE RATE
AT WHICH ENERGY IS CONSUMED, IN KW. DEMAND COSTS ARE
BASED ON A $/KW CHARGE. THE MONTHLY PEAK DEMAND IS THE
HIGHEST DEMAND LEVEL RECORDED, IN TIME INCREMENTS OF 15 OR



COGENERATION POWER COST: COSTS PASSED ON TO THE CUSTOMER FOR
POWER PURCHASED BY THE UTILITY FROM COGENERATORS IN $/KWH-moO.

CONTRACT DEMAND: POWER LEVEL THAT THE UTILITY GUARANTEES TO SUP-
PLY TO THE BUILDING, USUALLY THE MAXIMUM DEMAND LEVEL REQUIRED FOR
A BUILDING TO OPERATE.

DEMAND CHARGE: A CHARGE FOR THE MAXIMUM RATE AT WHICH ELEC-
TRICITY IS USED DURING PEAK HOURS OF THE BILLING PERIOD (PEAK DE-
MAND), IN $/KW-M0. MAY ALSO HAVE REDUCED CHARGES FOR OFF-PEAK
DEMAND.

ENERGY CHARGE: A CHARGE FOR THE AMOUNT OF ELECTRICITY USED IN THE
BILLING PERIOD, IN $/KWH-MO. MAY BE SEPARATED INTO PEAK- AND OFF-
PEAK COMPONENTS OF CONSUMPTION AND MAY VARY SEASONALLY.

FueL CosT ADJUSTMENT, OR FCA: CONSUMPTION COST ADJUSTMENT USED
TO REFLECT THE VARYING MARKET VALUE OF FUEL, IN $/KWH-mo0.

LATE CHARGE: A FEE APPLIED TO THE ENTIRE MONTHLY BALANCE FOR
OVERDUE PAYMENT, USUALLY 5% OF THE TOTAL MONTHLY BILL, IN $

PEAK HOURS: DAILY OPERATING HOURS DURING WHICH THE HIGHEST LEVEL OF
DEMAND FOR ELECTRICITY FROM THE UTILITY EXISTS. ELECTRICITY COSTS DURING

THESE HOURS MAY BE HIGHER AS THE UTILITY TRIES TO ENCOURAGE CUSTOM-
ERS TO REDUCE THEIR DEMAND.

POWER FACTOR CHARGE: PENALTY APPLIED TO THE MONTHLY PEAK DE-
MAND WHEN THE RATIO OF THE ACTUAL RATE OF ENERGY USED BY THE
BUILDING EQUIPMENT (KW) OVER THE RATE OF ENERGY SUPPLIED BY THE
uTILITY (KVA), IS LESS THAN 85%.

PURCHASED POWER COST RECOVERY FACTOR: COSTS PASSED ON TO THE
CUSTOMER FOR POWER PURCHASED BY THE UTILITY FROM OTHER SUPPLIERS, IN
$/KWH-moO.

RATCHET CLAUSE: PENALTY FOR AN UNUSUALLY HIGH MONTHLY PEAK DE-
MAND. THE RATCHET DEMAND WILL REPLACE ACTUAL DEMAND LEVELS ON
BILLS FOR 12 MONTHS FOLLOWING THE PEAKING INCIDENT.

SALES TAX: TARIFF BASED ON AMOUNT OF ENERGY CONSUMED, IN $/kKWH-
MO.

SERVICE CHARGE: AN ADMINISTRATIVE CHARGE FIXED AT A SMALL FLAT RATE,
BASED ON SERVICES PROVIDED.

ALLOCATION CHARGE: CHARGE FOR CONSUMPTION IN EXCESS OF MONTHLY
GAS ALLOCATION AS DEFINED IN THE SERVICE CONTRACT, IN $/CCF-mo
OR $/TTHERM-MO. USUALLY ONLY APPLIED TO LARGER CUSTOMERS.

CONTRACT DEMAND: MAXIMUM DAILY AMOUNT OF GAS THAT UTILITY
AGREES TO SUPPLY TO THE BUILDING, USUALLY THE MAXIMUM DAILY
AMOUNT OF GAS THAT A BUILDING REQUIRES TO OPERATE.

DEMAND CHARGE: A CHARGE FOR THE MAXIMUM DAILY CONSUMPTION
OF GAS DURING THE BILLING PERIOD, IN $/CCFDAV OR $/THERMW.
ENERGY CHARGE: A CHARGE FOR THE AMOUNT OF GAS CONSUMED DUR-
ING THE BILLING PERIOD, IN $/CCF-M0 OR $/THERM-MO. THIS CHARGE
MAY FLUCTUATE SEASONALLY.

LATE CHARGE: A FEE APPLIED TO THE ENTIRE MONTHLY BALANCE FOR
OVERDUE PAYMENT, USUALLY 5% OF THE TOTAL MONTHLY BILL, IN DOLLARS.

PIPELINE CHARGE: UTILITY COSTS FOR RENTAL OF PIPELINE SPACE AND
RECOVERY FEES FOR FINANCIAL LOSSES RESULTING FROM DEREGULATION, $/
CCF-m0 OR $/THERM-MO.

PURCHASE GAS COST ADJUSTMENT: COSTS PASSED ON TO THE CUSTOMER
THAT REFLECT THE FLUCTUATIONS IN THE MARKET VALUE OF GAS, IN $/CCF-
MO OR $/THERM-MO.

RATCHET CLAUSE: PENALTY FOR AN UNUSUALLY HIGH MONTHLY DEMAND.
THE RATCHET DEMAND WILL REPLACE THE ACTUAL DEMAND LEVELS ON
BILLS FOR 12 MONTHS FOLLOWING THE PEAKING INCIDENT.

SALES TAX: TARIFF BASED ON AMOUNT OF GAS CONSUMED, IN $/CCF-m0
OR $/THERM-MO.

SERVICE CHARGE: AN ADMINISTRATION CHARGE FIXED AT A SMALL FLAT
RATE, BASED ON SERVICES PROVIDED, IN DOLLARS.

FIGURE 3. TERMINOLOGY IN ATYPICAL ELECTRICITY RATE SCHEDULE

FIGURE 4. TERMINOLOGY IN A TYPICAL GAS RATE SCHEDULE

Rebuild America
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30 MINUTES, DURING THE PEAK SUPPLY HOURS FOR THE UTILITY. OF-
TEN, THROUGH A RATCHET CLAUSE, UTILITIES WILL PENALIZE AN UN-
USUALLY HIGH MONTHLY PEAK DEMAND BY APPLYING THAT DE-
MAND TO THE RATE STRUCTURE FOR 12 MONTHS AFTER IT OCCURS.
ADDITIONAL DEMAND CHARGES ARE APPLIED WHEN THE BUILDING
EXPERIENCES A LOW POWER FACTOR. THIS OCCURS WHEN EQUIP-
MENT, SUCH AS FAN MOTORS AND LIGHTS, DEMANDS MORE ELEC-

TRIC CURRENT FROM THE UTILITY THAN IT ACTUALLY NEEDS TO OPERATE.

GAs CONSUMPTION AND DEMAND. GAS UTILITY RATE SCHEDULES
TEND TO INVOLVE FEWER FACTORS. CONSUMPTION CHARGES WILL
BE FOUND IN ALL RATE SCHEDULES, WHILE DEMAND CHARGES MAY
ONLY APPLY TO LARGER CUSTOMERS. MONTHLY CONSUMPTION
CHARGES ARE APPLIED IN $/CCF, oR $/THERM, AND MAY BE AD-
JUSTED SEASONALLY. DEMAND CHARGES ARE APPLIED IN DOLLARS
PER MAXIMUM DAILY DEMAND FOR THE BILLING PERIOD, OR $/
CCF_,, OR $/THERM .

DA Y

AS WITH ELECTRICAL DEMAND CHARGES,
THEY MAY BE SUBJECT TO A RATCHET CLAUSE. THE PURCHASED
GAs COST ADJUSTMENT MODIFIES MONTHLY RATES IN RESPONSE TO
CHANGES IN HOW MUCH IT COSTS THE UTILITY TO PURCHASE THE
GAS. FINALLY, RENTAL COSTS FOR PIPELINE SPACE AND PIPELINE RE-
COVERY COSTS RESULTING FROM DEREGULATION ARE INCORPORATED
INTO A PIPELINE CHARGE.

A REVIEW OF UTILITY BILLS CAN BE HELPFUL IN IDENTIFYING POTENTIAL
OPPORTUNITIES FOR ENERGY EFFICIENCY AND ASSOCIATED COST RE-
DUCTIONS. BILLING INFORMATION CAN HELP DETERMINE (1) IF
POWER-FACTOR CORRECTION IS REQUIRED (CONSULT YOUR LOCAL UTILITY
FOR SOLUTIONS), (2) IF POWER CONSUMPTION COULD BE RESCHED-
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ULED TO OFF-PEAK PERIODS, AND (3) IF THERE ARE SUSPECT TRENDS
IN ENERGY DEMAND AND USAGE. A REVIEW OF BILLING DATA
MIGHT ALSO INDICATE THE POTENTIAL FOR SHIFTING TO MORE ECO-
NOMICAL RATE SCHEDULES, DEPENDING ON THE NATURE OF
MONTHLY ENERGY USE.

Examining the
Energy Data

ALTHOUGH UTILITIES ARE GENERALLY RELIABLE IN REPORTING DATA,
STEPS SHOULD BE TAKEN TO UNDERSTAND AND VERIFY ALL VALUES.
OCCASIONALLY, METERS MAY BE MISREAD OR MISREPORTED, OR
MAY EVEN BE BROKEN. IDENTIFYING THESE INSTANCES AS THEY
OCCUR COULD LEAD TO SUBSTANTIAL MONETARY SAVINGS. FOR THIS
AND OTHER REASONS, IT IS A GOOD IDEA TO CONTINUE YOUR DATA
COLLECTION AND VERIFICATION EFFORTS THROUGHOUT THE RETROFIT
PROGRAM AND ON A CONTINUING BASIS THEREAFTER. PROCEDURES
FOR ESTABLISHING AN ONGOING MONITORING PROGRAM TO AUG-
MENT UTILITY DATA ARE DISCUSSED IN APPENDIX B.

THE DATA YOU COLLECT WILL HELP TO VALIDATE THE SAVINGS
ACHIEVED AND FACILITATE RAPID IDENTIFICATION OF ANY POTENTIAL
ENERGY PROBLEMS. IN EXAMINING ENERGY CONSUMPTION DATA,
REMEMBER TO DO THE FOLLOWING:

0 CONFIRM THAT THE NUMBER OF UTILITY ACCOUNTS COLLECTED
CORRESPONDS TO THE NUMBER OF METERS AVAILABLE AT
EACH SITE.



DETERMINE HOW UTILITY ACCOUNT DATA SHOULD BE COM-
BINED OR SEPARATED TO REPRESENT BUILDINGS, CLUSTERS OF
BUILDINGS, OR PORTIONS OF BUILDINGS, AND MATCH THE RE-
SULTING ENERGY USE DATA TO THE APPROPRIATE FLOOR AREA
DATA. THIS IS NOT NECESSARILY AN EASY TASK, BUT TECHNICAL
ASSISTANCE IS AVAILABLE THROUGH THE REBUILD AMERICA
PROGRAM.

EXAMINE THE DATA TO LOOK FOR ANY MONTHS WITH UNUSU-
ALLY HIGH OR LOW LEVELS OF CONSUMPTION OR DEMAND. IF
UNUSUAL MONTHS ARE FOUND, CONSULT WITH BUILDING OC-
CUPANTS, EQUIPMENT OPERATORS, REPAIR PEOPLE, AND
YOUR UTILITY REPRESENTATIVE TO ACCOUNT FOR THE UNUSUAL
CONSUMPTION OR DEMAND.

TAKE STEPS TO CORRECT ANY DATA BELIEVED TO BE ERRONEOUS.
WHERE CORRECTION IS NOT POSSIBLE, KEEP TRACK OF THE PAR-
TICULAR DATA ELEMENT SO THAT IT DOES NOT INAPPROPRIATELY
IMPACT YOUR ASSESSMENT OF BUILDING PERFORMANCE (E.G.,
WHEN COMPARING BUILDING DATA TO NATIONAL STATISTICS OR
GRAPHING THE DATA).

IN ANALYZING ENERGY USE PATTERNS, REMEMBER THAT THE
AMOUNT OF ENERGY A BUILDING CONSUMES CAN BE SUB-
STANTIALLY AFFECTED BY WEATHER CONDITIONS. YOUR ENERGY
TEAM MAY WANT TO OBTAIN WEATHER DATA FOR EACH
YEAR OF ENERGY DATA COLLECTED. SUCH DATA IS USUALLY
AVAILABLE FROM THE LOCAL UTILITY, BUT MAY ALSO BE OB-
TAINED FROM THE NATIONAL CLIMATIC CENTER, FEDERAL

BUILDING, ASHEVILLE, NC 28841. WEATHER ADJUSTMENTS
CAN IMPROVE THE RESULTS OF ENERGY ANALYSES FROM BUILD-
INGS, BUT THIS TYPE OF ANALYSIS CAN ALSO BE EXPENSIVE
AND TIME CONSUMING. YOUR REBUILD AMERICA REPRESEN-
TATIVE CAN HELP YOU WITH SUCH ADJUSTMENTS, IF NEEDED.

VERIFICATION OF ENERGY USE DATA IS NOT A TRIVIAL TASK, BUT IS CRU-
CIAL TO THE OVERALL EFFORT TO IMPROVE ENERGY EFFICIENCY.
KNOWLEDGE OF LOCAL UTILITY RATE SCHEDULES AND ENERGY USE
PATTERNS WILL BE PARTICULARLY HELPFUL.

Collecting Local
Energy Data

THE NEXT CHAPTER WILL SHOW YOU HOW TO USE YOUR BUILDING
CHARACTERISTICS AND ENERGY DATA TO CONSTRUCT ENERGY USE
INDICES. THESE INDICES CAN THEN BE COMPARED WITH THE
“AVERAGE” INDICES OF SIMILAR BUILDINGS TO HELP YOU GAUGE
THE ENERGY PERFORMANCE OF YOUR BUILDINGS. ALTHOUGH NA-
TIONAL AVERAGE INDICES ARE PROVIDED IN THIS DOCUMENT FOR
YOUR CONVENIENCE, IT WOULD BE PREFERABLE TO COMPARE
YOUR INDICES TO THOSE OF SIMILAR BUILDINGS WITHIN YOUR LOCAL
AREA OR REGION.

YOU AND YOUR TEAM ARE ENCOURAGED TO SEEK OUT AND OBTAIN
ENERGY PERFORMANCE DATA (INCLUDING BUILDING TYPE, FUEL
TYPE, CONSUMPTION, AND DEMAND) FOR SELECTED BUILDINGS
WITHIN YOUR LOCALITY, MUNICIPALITY, OR REGION. POSSIBLE SOURCES

Rebuild America
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OF LOCAL AVERAGE INDICES (PERHAPS EVEN BY PRINCIPAL BUILD-

ING TYPE) INCLUDE LOCAL UTILITIES, YOUR STATE ENERGY OFFICE, AND
OTHER LOCAL OR REGIONAL ENERGY AGENCIES. ALTERNATIVELY, YOU
AND YOUR TEAM COULD USE THE METHOD PRESENTED IN THE NEXT
CHAPTER TO DEVELOP YOUR OWN LOCAL BENCHMARKS: ENERGY
USE INDICES FOR YOUR ENTIRE COMMUNITY BUILDING STOCK OR
SOME SUBSET THEREOF (E.G., THOSE BUILDINGS BUILT OR RENO-
VATED RECENTLY AND CONSIDERED TO BE ENERGY EFFICIENT).
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Screening

O GET THE MOST OUT OF ENERGY EFFICIENCY INVESTMENTS,
T YOUR ENERGY TEAM SHOULD CONDUCT AN INITIAL ANALYSIS OF
THE TARGETED BUILDING STOCK TO IDENTIFY THE BEST OPPORTUNI-
TIES FOR ENERGY SAVINGS (BEFORE ANY DETAILED, ON-SITE ENERGY
AUDITS OR STUDIES ARE CONDUCTED). (GOOD ANALYSIS WORK AT
THIS STAGE WILL ALSO HELP YOUR TEAM TO FORMULATE INITIAL ESTI-
MATES OF POTENTIAL ENERGY SAVINGS AND TO MANAGE ITS EFFORTS
EFFECTIVELY.

THIS CHAPTER EXPLAINS HOW TO DEVELOP ENERGY USE INDICES
AND THEN APPLY THEM TO EVALUATE BUILDING PERFORMANCE.
TWO EVALUATION METHODS ARE EXPLAINED: (1) COMPARISON TO
NATIONAL “AVERAGE” INDICES AND (2) GRAPHING OF AVERAGE
INDICES OVER TIME. THE FIRST METHOD REQUIRES A RELATIVELY

Rebuild America
SMALL AMOUNT OF DATA AND PROVIDES A QUICK WAY TO GAIN A

BASIC UNDERSTANDING OF ENERGY USE IN YOUR BUILDING STOCK.
THE SECOND METHOD REQUIRES MORE DATA BUT PROVIDES A BET-
TER PICTURE OF ENERGY USE PATTERNS. SINCE INTERPRETATION OF
THE RESULTS CAN BECOME COMPLICATED, YOU SHOULD HAVE AN
ENERGY ANALYST OR OTHER QUALIFIED PROFESSIONAL INVOLVED IN THIS
PHASE OF THE ANALYSIS. WHENEVER POSSIBLE, YOU ARE STRONGLY
ENCOURAGED TO SEEK OUT LOCAL EXPERTS; LOCAL, ENERGY-RELATED
BUILDING DATA; AND OTHER LOCAL RESOURCES TO AID IN THE INTER-
PRETATION OF YOUR DATA.

Focus on “Energy Hogs”

IN PLANNING THE INITIAL ANALYSIS EFFORTS, BEAR IN MIND THAT EN-
ERGY EFFICIENCY FOR A GROUP OF BUILDINGS CAN BE HEAVILY
INFLUENCED BY JUST A FEW OF THE LARGEST ENERGY USERS IN THE
GROUP. FOR INSTANCE, YOU MAY FIND THAT IN A GROUP OF 100
BUILDINGS, JUST 10 OF THOSE BUILDINGS ARE RESPONSIBLE FOR 80%
OF ALL THE ENERGY USED BY THE GROUP. [N THAT EVENT, AN AV-
ERAGE SAVINGS OF 30% ACHIEVED IN JUST THOSE 10 BUILDINGS
WOULD MEAN A 24% SAVINGS FOR THE ENTIRE STOCK (0.30 x 0.80 =
0.24). CLEARLY, THE BUILDINGS WITH THE HIGHEST ENERGY USE CAN
GREATLY INFLUENCE YOUR OVERALL RESULTS AND SHOULD RECEIVE
THE MOST ATTENTION. AS DISCUSSED IN THE NEXT CHAPTER, FO-
CUSING YOUR EFFORTS ON A LIMITED NUMBER OF BUILDINGS WITH
HIGH ENERGY USE COULD ALSO HELP LOWER THE TOTAL COSTS FOR

YOUR PROGRAM.
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NoTEe: ALL
EQUATIONS FOR
CALCULATING
ENERGY USE
INDICES ARE
SHOWN ON
PAGES 26-27.

Calculating Energy
Use Indices

ENERGY USE INDICES (EUIS) COMBINE BUILDING CHARACTERISTICS
WITH ENERGY DATA TO PROVIDE A SIMPLE BENCHMARK FOR EVALU-
ATING THE ENERGY PERFORMANCE OF BUILDINGS. IN ADDITION TO
TARGETING ENERGY-SAVING OPPORTUNITIES, EUIS MAY HELP YOU
IDENTIFY PROBLEMS THAT EXIST IN SPECIFIC BUILDINGS, SUCH AS UN-
NECESSARY AFTER-HOURS USE OF LIGHTS OR MECHANICAL SYSTEMS,
INEFFICIENCIES WITH LIGHTING AND OTHER BUILDING SYSTEMS, OR
EXCESSIVE INFILTRATION OF OUTDOOR AIR INTO CONDITIONED SPACES.

YOUR TEAM MAY FIND IT USEFUL TO CALCULATE ENERGY USE INDICES
ON A MONTHLY BASIS AND RECORD THEM USING A COMPUTER PRO-
GRAM (SUCH AS A SPREADSHEET) TO TRACK ENERGY USE OVER A
PERIOD OF TIME. THE WORKSHEET FORMAT PROVIDED LATER IN THIS
SECTION CAN BE USED TO RECORD KEY BUILDING CHARACTERISTICS
AND UTILITY DATA ON YOUR COMPUTER AND FOR CALCULATING EUIs
AUTOMATICALLY. IN THIS MANNER, CONSUMPTION AND DEMAND
INDICES MAY BE COMPARED EACH MONTH ON A CONTINUING
BASIS TO HELP CLARIFY HOW A BUILDING IS USING ENERGY. SIMILARLY,
LOAD FACTORS (EXPLAINED BELOW) CAN BE USED ON A MONTHLY
BASIS TO INVESTIGATE SOURCES OF EXCESSIVE CONSUMPTION OR
DEMAND WITHOUT MUCH ADDITIONAL EFFORT.

STORING THE DATA ON COMPUTER WILL ALSO MAKE IT RELATIVELY
QUICK AND EASY TO COMPARE INDICES ACCURATELY AND EXAM-
INE THEM GRAPHICALLY FOR EACH MONTH. FOR EXAMPLE, MANY
COMPUTER SPREADSHEET PROGRAMS AVAILABLE TODAY HAVE
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BUILT-IN GRAPHING ROUTINES. IF YOU ARE ANALYZING A LARGE NUM-
BER OF BUILDINGS, HOWEVER, DATABASE OR STATISTICAL PROGRAMS
MAY BE NECESSARY.

THIS CHAPTER PROVIDES DEFINITIONS AND APPLICATIONS FOR A VARI-
ETY OF USEFUL INDICES, NAMELY THE ELECTRICAL CONSUMPTION IN-
DEX, ELECTRICAL PEAK DEMAND INDEX, ELECTRICAL LOAD FACTOR,
ELECTRICAL OcCcUPANCY LOAD FACTOR, AND THE NATURAL GAS
CONSUMPTION INDEX. THE REMAINDER OF THIS SECTION EXPLAINS
THEIR USE AND INTERPRETATION. ALTHOUGH THIS SECTION ADDRESSES
ONLY THE MORE COMMON ENERGY SOURCES OF ELECTRICITY AND
NATURAL GAS, THE METHODOLOGY GIVEN HERE CAN ALSO BE USED
TO CALCULATE INDICES FOR FUEL OIL, PROPANE, COAL, AND PUR-
CHASED STEAM.

Electrical Coneumptiom Index

THE MONTHLY AND ANNUAL ELECTRICAL CONSUMPTION INDICES,
SHOWN IN EQUATIONS 1 THROUGH 3 ON PAGE 26, ARE CALCULATED
IN TERMS OF KILOWATT-HOURS PER SQUARE FOOT (KWH/FT?). SINCE
MULTIFAMILY BUILDING ENERGY USE IS GENERALLY CONSIDERED TO BE
MORE ACCURATELY REPRESENTED ON A PER UNIT OR PER HOUSEHOLD
BASIS, HOWEVER, YOU MAY ELECT TO PERFORM YOUR CALCULATIONS
FOR RESIDENTIAL BUILDINGS IN THAT WAY. KEEP IN MIND THAT
MOST UTILITIES USE BILLING CYCLES OR PERIODS THAT ARE ONLY AP-
PROXIMATELY ONE MONTH IN LENGTH. AS A RESULT, THE SUM OF 12
CONSECUTIVE BILLING CYCLES COULD, IN FACT, EQUAL 373 DAYS OR
352 DAYS. THE EQUATIONS BELOW TAKE THESE CYCLES INTO AC-
COUNT AND ADJUST THE BILLING DATA TO REFLECT MONTHLY AND
ANNUAL EQUIVALENTS.



EQUATION 1 CAN BE USED TO CALCULATE A BUILDING’S CONSUMP-
TION INDEX (OR INTENSITY) FOR A GIVEN MONTH. WHEN CALCU-
LATED FOR EVERY MONTH IN THE PREVIOUS YEAR, THIS TRADITIONAL
APPROACH ALLOWS YOU TO IDENTIFY SEASONAL ENERGY USE TRENDS
(INCLUDING BASELINE ENERGY USE DURING MILD MONTHS) AS WELL
AS ABNORMAL ENERGY USE PATTERNS WITHIN A BUILDING. THE
DRAWBACK TO THIS INDEX IS THAT IT CANNOT BE EASILY COMPARED
TO AVERAGE CONSUMPTION DATA FOR OTHER, SIMILAR BUILDINGS.
AN ALTERNATIVE APPROACH IS DESCRIBED NEXT.

BOTH EQUATIONS 2 AND 3 REPRESENT THE ANNUAL ELECTRICAL EN-
ERGY CONSUMPTION INTENSITY FOR A BUILDING, ALTHOUGH ONE IS
BASED ON ANNUAL DATA AND THE OTHER ON MONTHLY. THE INDEX
BASED ON ANNUAL DATA IS STRAIGHTFORWARD. IT IS SIMPLY THE
SUM OF A BUILDING’S ELECTRICITY USE OVER 12 CONSECUTIVE BILLING
PERIODS (NORMALIZED TO A 365-DAY YEAR) DIVIDED BY THE
BUILDING’S FLOORSPACE. IN COMPARISON, THE INDEX BASED ON
MONTHLY DATA IS CALCULATED BY TAKING THE CONSUMPTION FOR A
GIVEN MONTH AND MULTIPLYING IT BY APPROXIMATELY 12 (365
DAYS DIVIDED BY THE NUMBER OF DAYS IN THE MONTHLY BILLING
PERIOD) TO OBTAIN AN ANNUAL EQUIVALENT, WHICH CAN BE
COMPARED TO AVERAGE ANNUAL CONSUMPTION INDICES LIKE
THOSE IN TABLE 3.

THIS ANNUALIZED INDEX CAN HELP TO IDENTIFY ENERGY SITUATIONS
THAT MIGHT NOT OTHERWISE BE EVIDENT. FOR EXAMPLE, IT MAY
BE USED TO SPOT A BUILDING WITH AVERAGE ANNUAL ENERGY USE
BUT WITH ABNORMALLY HIGH MONTHLY CONSUMPTION FOR ONE OR
MORE MONTHS WHEN COMPARED TO NATIONAL OR LOCAL BUILDING

STOCK “AVERAGES”. (AN EXAMPLE IS PROVIDED IN THE FOLLOWING
SECTION, APPLYING THE INDICES TO ANALYZE BUILDING PERFOR-
MANCE.) YOU SHOULD THEREFORE CALCULATE AND COMPARE AN
ANNUALIZED INDEX FOR EACH MONTH OF A FULL YEAR.

Electrical Peak Demand Index

THE MONTHLY AND ANNUAL ELECTRICAL PEAK DEMAND INDICES,
WHICH ARE REPORTED IN WATTS PER SQUARE FOOT (W/FT?), ARE CAL-
CULATED AS SHOWN IN EQUATIONS 4 AND 5. IF PEAK DEMAND
INDICES ARE HIGH FOR SEVERAL MONTHS WITHIN A YEAR, THE POTEN-
TIAL EXISTS TO REDUCE THIS PEAK DEMAND.

Electrical Load Factor

THE MONTHLY AND ANNUAL ELECTRICAL LOAD FACTORS (ELFS), WHICH
MEASURE HOW A BUILDING USES ITS ENTIRE INVENTORY OF ELECTRICAL
EQUIPMENT, ARE COMPUTED USING EQUATIONS 6 AND 7. BAsI-
CALLY, THE ELF IS THE RATIO BETWEEN THE AVERAGE LOAD (ELECTRI-
CAL POWER USED) OVER A PERIOD AND THE PEAK LOAD FOR THAT
PERIOD. SMALLER ELFs (¢<0.15) ARE INDICATORS OF SPIKY PROFILES,
WHICH MAY INDICATE THAT THERE ARE HIGH, SHORT-LIVED PEAKS IN
DEMAND FOR ELECTRICITY BY THE BUILDING EQUIPMENT. UTILITIES
OFTEN IMPOSE FINANCIAL PENALTIES FOR HIGH MONTHLY DEMAND
SPIKES FOR UP TO A FULL YEAR FOLLOWING THE PEAK. IT IS THEREFORE AD-
VANTAGEOUS TO MONITOR AND REACT TO LOW ELFS, IF POSSIBLE,
ON A MONTHLY BASIS.

Rebuild America

BE AWARE OF
THE DISTINC-
TIONS BETWEEN
MONTHLY,
ANNUAL, AND
“ANNUALIZED”
INDICES.
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EqQuATIiON 1

EQUATION 2

EQUATION 3

EQuATION 4

EQuATION 5

EQUATION 6

EQUATION 7

Monthly kWh x 30 days/month
Floor area (ft*) x #-days in monthly billing period

Monthly Electrical Consumption Index (kWh/ft’ « mon) =

12-month total kWh x 365 days/year

Annual Electrical Consumption Index (KWh/ft* ¢ yr) = -
Floor area (ft‘) x #-days in 12 monthly billing periods

“Annualized” Electrical Consumption Index (kWh/ft* e yr) = Mzom‘hly kWh x 365 days/year
(monthly basis) Floor area (ft") x #-days in monthly billing period

NOTE: IF CONSUMPTION IS DIVIDED INTO PEAK AND OFF-PEAK PERIODS, COMBINE THESE INTO A TOTAL CONSUMPTION FOR THE PERIOD (MONTH OR YEAR).

Peak monthly kW

Monthly Demand (W/it?) = -
Floor area (ft) X 1000 W/kW

Peak Annual kW
Floor Area (ft*) x 1000 W/KW

Annual Demand (W/ft) =

Monthly ELF = Monthly kWh
Peak monthly kW x total billing hours for the month
Annual ELF = Annual kWh

Peak annual kW x total billing period hours for the year

NOTE: TOTAL HOURS IN BILLING PERIOD = NUMBER OF DAYS IN BILLING PERIOD X 24 HOURS PER DAY.
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Electrical Occu pancy CLOSE TO OR GREATER THAN 1.0, NEEDLESS AFTER-HOURS CONSUMP-

Load Factor TION PROBABLY EXISTS IN THE BUILDING. |F MONTHLY EOLFs ARE
GREATER THAN 1.0 FOR SEVERAL MONTHS, THE POTENTIAL EXISTS FOR SAV-
MONTHLY AND ANNUAL ELECTRICAL OCCUPANCY LOAD FACTORS ING ENERGY BY CEASING UNNECESSARY AFTER-HOURS CONSUMPTION.
(EOLFS) ARE INDICATORS OF AFTER-HOURS ENERGY CONSUMPTION IN
A BUILDING AND ARE CALCULATED AS SHOWN IN EQUATIONS 8 AND
9. FOR BUILDINGS WITH STANDARD BUSINESS OPERATING HOURS, EX-
CESSIVE AFTER-HOURS CONSUMPTION IS USUALLY UNNECESSARY. IF
ELECTRICAL CONSUMPTION IS SEPARATED INTO PEAK AND OFF-PEAK
COMPONENTS, YOUR ANALYST CAN CONFIRM HIGH EOLFs BY EXAM-
INING THE OFF-PEAK DATA. AS A RULE OF THUMB, IF THE EOLF 1s

Natural Gas
Coneumption Index

MONTHLY, ANNUAL, AND “ANNUALIZED” NATURAL GAS INDICES REP-
RESENT THE NATURAL GAS CONSUMPTION FOR A BUILDING AND ARE

Monthly EOLF = AL EQUATION 8

Peak monthly kW x occupied hours in monthly billing periods

Annual EOLF = Annual kwn EQUATION 9

Peak annual kW x annual occupied hours

Monthly kBtu x 30 days/month

Monthly Gas Consumption Index (kBtu/ft* ¢ mon) =
/ P ( ) Floor area (ft’) x #-days in monthly billing period FauATION 10
Annual Gas Consumption Index (kBtu/ft* ¢ yr) = 12-2mon1h toTol. S doy§/ Year . EQUATION 11
Floor area (ft") x #-days in 12 monthly billing periods
“Annualized” Gas Consumption Index (kBtu/ft*  yr) = LIy LG e ©ES R EQUATION 12

(monthly basis) Floor area (ft’) x #-days in monthly billing period
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CALCULATED IN THOUSAND OF BTUS PER SQUARE FOOT OF FLOOR-
SPACE (KBTU/FT?) AS SHOWN IN EQUATIONS 10 THROUGH 12. IF YOUR
GAS CONSUMPTION DATA ARE IN UNITS OTHER THAN KBTU (kBTU =
1,000 BTU), THEY SHOULD BE CONVERTED USING APPENDIX A. RE-
FER BACK TO THE SUBSECTION ON THE ELECTRICAL CONSUMPTION
INDEX FOR A DISCUSSION ON “ANNUALIZED” MONTHLY INDICES.

Energy Use Index Worksheet

IN ORGANIZING YOUR DATA AND CALCULATING THE INDICES, YOU
MAY FIND IT HELPFUL TO DEVELOP A WORKSHEET SIMILAR TO THAT
SHOWN IN FIGURE 5. THIS ENERGY USE INDEX WORKSHEET IS APPLI-
CABLE TO MOST BUILDINGS USING ELECTRICITY AND NATURAL GAS.
THE WORKSHEET ALSO INCLUDES SPACE FOR A THIRD FUEL TYPE (E.G.,
FUEL OIL, PROPANE, PURCHASED STEAM, ETC.). IF ADDITIONAL FUELS
OR FUEL CHARGES APPLY TO A PARTICULAR BUILDING, YOU CAN EI-
THER CONVERT UNUSED COLUMNS OR ADD NEW ONES. A SEPARATE
SHEET SHOULD BE USED FOR EACH BUILDING AND YEAR OF DATA.
AS SUGGESTED EARLIER, YOUR ENERGY TEAM MAY WISH TO COM-
PUTERIZE THIS WORKSHEET USING AN ELECTRONIC SPREADSHEET OR
CUSTOMIZED DATABASE PROGRAM.

Q8 ConDUCTINGAN INITIAL SCREENING

Applying the Indices to
Analyze Building
FPerformance

AFTER YOUR TEAM HAS CALCULATED ENERGY USE INDICES, THE VAL-
UES CAN BE COMPARED WITH EXISTING ANNUAL BUILDING STOCK
EUI DATA AS A FIRST STEP TOWARD IDENTIFYING THOSE BUILDINGS
WITH THE BEST POTENTIAL FOR ENERGY RETROFITS. TABLES 3 THROUGH
5, WHICH ARE BASED ON LARGE, STATISTICALLY SIGNIFICANT SAM-
PLINGS OF BUILDINGS ACROSS THE COUNTRY, ARE PROVIDED FOR THIS
PURPOSE. TO IDENTIFY UNUSUALLY HIGH ANNUAL CONSUMPTION, THE
EUls comPUTED IN EQUATIONS 2, 5, 7, 9, AND 11 SHOULD BE
COMPARED TO THESE TABLES, ACCORDING TO THE APPROPRIATE
BUILDING AND FUEL TYPE. TO IDENTIFY UNUSUALLY HIGH MONTHLY
CONSUMPTION, THE EUIS CALCULATED FOR EACH MONTH OF THE
YEAR USING EQUATIONS 3, 4, 6, 8, AND 12 SHOULD BE USED FOR
COMPARISON. EUIS FOR COMMERCIAL BUILDINGS THAT USE EITHER
ELECTRICITY OR NATURAL GAS MAY BE LOOKED UP BY BUILDING
FUNCTION IN TABLES 3 AND 4.

THE EUIs PROVIDED IN TABLES 3 AND 4 ARE DISAGGREGATED INTO
“Low,” “MID,” AND “HIGH” CATEGORIES OF CONSUMPTION
INTENSITY. WHEN COMPARING YOUR BUILDING EUIS TO THE DATA IN
THESE TABLES, SELECT THE APPROPRIATE CATEGORY BASED ON THE
INTENSITY OF EACH BUILDING’S LOADS AND THE CLIMATE IN YOUR
AREA. FOR EXAMPLE, IF A BUILDING IS DOMINATED BY COMPUTER
FACILITIES OR HEATED ELECTRICALLY, CONSIDER COMPARING THAT
BUILDING TO THE NATIONAL ELECTRICAL EUIS IN THE “HIGH”
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Energy Use Index Worksheet
YEAR:
BUILDING IDENTIFICATION:
BUILDING TYPE/PRINCIPAL ACTIVITY:
ToTAL FLOORSPACE (1)*: (SQUARE FEET; GENERALLY APPLIES ONLY TO COMMERCIAL BUILDINGS)
TYyPeE OF COMMERCIAL SQUARE FEET: (GROSS, NET USABLE, NET RENTABLE, ETC.)
NUMBER OF HousING UNITS (1)*: (APPLIES ONLY TO MULTIFAMILY BUILDINGS)
ELECTRICITY
MONTHLY/ANNUAL ANNUALIZED
# DAYS IN ToTtAL ToTtAL CONSUMPTION CONSUMPTION
OccuPIED BILLING CONSUMPTION DEMAND CosT EUI EUI DEMAND
MONTH HOURs PERIOD (KWH) (kW) $) (KWH/FT) (KWH/FT) (W/FT2) ELF EOLF
(2) 3) (4) (5) (6) () (A) (B) (Q) (D) (E)
JANUARY
FEBRUARY
MARCH
APRIL
MAY
JUNE
JuLy
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER

ANNUAL TOTAL

* FOR MULTIFAMILY BUILDINGS, EUIS CAN BE EXPRESSED ON “PER UNIT” OR “PER SQUARE FOOT” BASIS; THE FORMER IS GENERALLY PREFERRED.

CALCULATIONS (USE UNIT CONVERSIONS IN APPENDIX A IF NECESSARY):

A - MONTHLY:
A - ANNUAL:

B - ANNUALIZED:
C - MONTHLY:
C - ANNUAL:

D - MONTHLY:

D - ANNUAL:

E - MONTHLY:
E- ANNUAL:

(CoLUMN 5 X 30 DAYS/MONTH) / (ITEM 1 X COLUMN 4) OR EQUATION 1

(Sum oF COLUMN 5 x 365 DAYS/YEAR) / (ITEM 1 X Sum oF COLUMN 4) OR EQUATION 2

(CoLUMN 5 x 365 DAYS/YEAR) / (ITEM 1 X COLUMN 4) OR EQUATION 3

(CoLUMN 6 x 1000 W/kW) / (ITEm 1) OoR EQUATION 4
(HIGHEST MONTHLY DEMAND LEVEL IN COLUMN 6 X 1000 W/kW) / (ITEM 1) OR EQUATION 5
(CoLumn 5) / (COLUMN 6 X COLUMN 4 X 24 HOURS/DAY) OR EQUATION 6
(Sum ofF COLUMN 5) / (ANNUAL DEMAND IN COLUMN 6 X SuM OF COLUMN 4 X 24 HOURS/DAY) OR EQUATION 7
(CoLumN 5) / (CoLumN 6 x COLUMN 3) OR EQUATION 8
(Sum ofF CoLUMN 5) / (ANNUAL DEMAND IN COLUMN 6 X SUM OF COLUMN 3) OR EQUATION 9

FIGURE 5. ENERGY USE INDEX WORKSHEET
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Energy Use Index Worksheet (continued)
TOoTAL FLOORSPACE (1)*: (SQUARE FEET; GENERALLY APPLIES ONLY TO COMMERCIAL BUILDINGS)
NUMBER OF HousING UNITS (1)*: (APPLIES ONLY TO MULTIFAMILY BUILDINGS)
NATURAL GAS OTHER FUEL TYPE:
MONTHLY/ANNUAL ANNUALIZED MONTHLY/ANNUAL ANNUALIZED
# DAYS IN ToTAL ToTAL CONSUMPTION [CONSUMPTION # DAYS IN ToTAL ToTAL ICONSUMPTION  [CONSUMPTION
BiLLiNnG CONSUMPTION Cost EUI EUI BiLLiNG CONSUMPTION Cost EUI EUI
MONTH PERIOD (kBTU) $) (KBTU/FT?) (KBTU/FT?) PERIOD (kBTU) $) (KBTU/FT?) (KBTU/FT)
(2) (8) 9) (10) (F) (G) (8) 9) (10) (F) (G)
JANUARY
FEBRUARY
MARCH
APRIL
MAY
JUNE
JuLy
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER
ANNUAL TOTAL
* FOR MULTIFAMILY BUILDINGS, EUIS CAN BE EXPRESSED ON “PER UNIT” OR “PER SQUARE FOOT” BASIS; THE FORMER IS GENERALLY PREFERRED.
CALCULATIONS (USE UNIT CONVERSIONS IN APPENDIX A IF NECESSARY):
F - MONTHLY: (CoLumN 9 x 30 pDAYS/MONTH) / (ITEM 1 x COLUMN 8) OoR EQUATION 10
F - ANNUAL: (Sum oF COLUMN 9 X 365 DAYS/YEAR) / (ITEM 1 X Sum oF COLUMN 8) OR EQUATION 11
G - ANNUALIZED: (COLUMN 9 X 365 DAYS/YEAR) / (ITEM 1 x COLUMN 8) OR EQUATION 12

FIGURE 5. ENERGY USE INDEX WORKSHEET (CONT.)
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TABLE 3. DISTRIBUTION OF ANNUAL ELECTRICAL ENERGY USE INDICES FOR COMMERCIAL BUILDINGS

ANNUAL ELECTRICAL

ANNUAL ELECTRICAL

ANNUAL ELECTRICAL

ANNUAL ELECTRICAL

SOURCE:

CONSUMPTION PEAK DEMAND LoAD FACTOR OccuPANCY
(KWH/FT?) (W/FT?) (ELF) LoAD FACTOR
(EOLF)

COMMERCIAL

BUILDING TYPE Low M 1D HIGH Low M 1D HIGH Low M 1D HIGH Low M 1D HIGH
EDucATION 4.0 7.0 11.4 2.39 4.52 7.97 0.134 0.177 0.242 | 0.514 0.674 0.955
Foob SALES 20.0 42.3 66.4 7.93 12.25 17.78 ] 0.412 0.514 0.587 | 0.659 0.820 1.132
Foop SERVICE 15.6 28.9 50.2 6.00 11.43 18.75] 0.259 0.319 0.371 | 0.477 0.060 0.778
HEALTH CARE 6.8 10.8 17.6 3.13 4.47 8.13 | 0.166 0.274 0.364 | 0.482 0.673 0.823
LobGING 5.7 12.2 21.5 2.62 4.90 8.50 | 0.268 0.333 0.436 | 0.292 0.373 0.526
MERCANTILE & SERVICE | 3.1 6.7 13.4 2.31 4.25 7.90 | 0.189 0.253 0.337 J 0.584 0.773 0.980
OFFICE 4.4 9.6 17.6 3.24 5.19 8.00 | 0.202 0.258 0.332 § 0.736 1.041 1.361
PARKING GARAGE 2.6 6.2 10.9 1.77 5.50 8.89 | 0.102 0.256 0.394 | 0.408 0.510 0.879
PuBLIC ASSEMBLY 1.7 4.3 10.1 2.38 4.47 7.43 | 0.094 0.163 0.254 ] 0.435 0.599 0.941
PuBLIC ORDER &SAFETY | 2.9 8.2 11.8 2.15 3.21 8.10 | 0.205 0.299 0.346 | 0.266 0.450 0.820
RELIGIOUS WORSHIP 1.1 2.4 3.7 2.39 4.32 8.00 | 0.056 0.084 0.123 | 0.395 0.576 1.271
WAREHOUSE & STORAGE | 1.3 3.1 6.1 1.21 2.57 5.00 | 0.139 0.215 0.309 § 0.572 0.811 1.091
OTHER 1.7 5.5 26.5 2.07 6.33 11.88 | 0.121 0.369 0.560 | 0.531 0.659 1.065
VACANT 0.4 1.6 4.4 1.00 1.88 4.88 | 0.081 0.167 0.263 | 0.368 0.681 1.043

NOTES: SELECT THE APPROPRIATE COLUMN (Low, MID, OR HIGH) FOR COMPARISON ACCORDING TO YOUR CLIMATE INTENSITY AND THE

RELATIVE INTENSITY OF A BUILDING’S LOADS. MONTHLY ELFsS AND EOLFS MAY BE SLIGHTLY HIGHER THAN ANNUAL VALUES.

EIA, COMMERCIAL BUILDINGS ENERGY CONSUMPTION AND EXPENDITURES 1992.

Rebuild America
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TABLE 4. DISTRIBUTION OF ANNUAL NATURAL GAS CONSUMPTION
INDICES FOR TYPICAL COMMERCIAL BUILDINGS

ANNUAL NATURAL GAS CON-

SUMPTION (KBTU/FT?)
COMMERCIAL BUILDING TYPE Low Mip HIGH
EDucATION 17.5 31.1 62.2
Foob SALES 13.8 27.6 84.8
Foob SERVICE 83.7 150.8  244.5
HEALTH CARE 21.6 40.8 93.5
LoDGING 35.7 74.1  140.8
MERCANTILE AND SERVICE 16.4 36.6 70.6
OFFICE 15.0 31.2 61.7
PARKING GARAGE 49.6  100.4 2118
PuBLic ASSEMBLY 12.8 32.9 69.2
PuBLIC ORDER AND SAFETY 44.8 62.0 124.8
RELIGIOUS WORSHIP 121 27.5 46.9
WAREHOUSE AND STORAGE 10.9 26.2 55.5
OTHER 7.0 33.2 153.0
VACANT 9.2 24.4 54.6

NOTE: SELECT THE APPROPRIATE COLUMN (Low, MiD, OR HIGH) FOR COMPARI-
SON ACCORDING TO YOUR CLIMATE INTENSITY AND THE RELATIVE INTENSITY OF A
BUILDING’S LOADS.

SOURCE: EIA, CoMMERCIAL BUILDINGS ENERGY CONSUMPTION AND EXPENDI-
TURES 1992.
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CATEGORY. THE NATIONAL SAMPLE OF BUILDING EUIs 1S GEO-
GRAPHICALLY DISTRIBUTED TO HELP NEGATE THE EFFECTS OF VARYING
CLIMATES WITHIN THE UNITED STATES, WITH THE POSSIBLE EXCEP-
TION OF REGIONS THAT EXPERIENCE EXTREME WEATHER PATTERNS.
INDICES FOR MULTIFAMILY BUILDINGS THAT USE ELECTRICITY, NATURAL
GAS, FUEL OIL, OR A COMBINATION OF GAS AND OIL MAY BE
LOOKED UP IN TABLE 5. THE VALUES SHOWN IN TABLE 5 REPRESENT
AVERAGES FOR THE ENTIRE SAMPLE OF MULTIFAMILY DWELLING UNITS,
AND THESE ARE THEN SPLIT BETWEEN RENTAL AND OWNED DWELL-
INGS. SINCE THE RESIDENTIAL SAMPLE FOR LARGE MULTIFAMILY BUILD-
INGS IS SOMEWHAT SMALLER THAN THE SAMPLE FOR COMMERCIAL
BUILDINGS, THE INDICES IN TABLE 5 ARE REPORTED AT A LOWER (BUT
STILL STATISTICALLY SIGNIFICANT) LEVEL OF DETAIL (I.E., “LOW” AND
“HIGH” CONSUMPTION CATEGORIES ARE NOT AVAILABLE).

COMPARING YOUR BUILDING INDICES TO NATIONAL “AVERAGE”
ANNUAL INDICES ALLOWS YOU TO DETERMINE WHETHER BUILDINGS IN
YOUR STOCK ARE USING MORE OR LESS ENERGY THAN MOST SIMILAR
BUILDINGS IN THE NATION. |F THE INDEX VALUES FOR YOUR BUILDINGS
ARE GENERALLY HIGHER THAN THE “HIGH” VALUES, THERE IS LIKELY TO
BE A SIGNIFICANT OPPORTUNITY FOR ENERGY SAVINGS. IN ADDITION
TO THIS COMPARISON WITH NATIONAL VALUES, SIMILAR BUILDINGS
WITHIN YOUR STOCK SHOULD BE COMPARED TO EACH OTHER TO
DETERMINE WHICH BUILDINGS APPEAR TO OFFER THE GREATEST OP-
PORTUNITIES FOR SAVINGS. |F YOU AND YOUR TEAM WERE ABLE TO
OBTAIN AVERAGE BUILDING ENERGY USE DATA FOR YOUR REGION,
COMPARISON OF YOUR EUIS TO THAT DATA SET WILL PROBABLY YIELD
THE MOST RELIABLE INDICATION OF BUILDING ENERGY PERFORMANCE.
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TABLE 5. U.S. MULTIFAMILY ANNUAL ENERGY USE INDICES FOR INDIVIDUAL BUILDINGS WITH HIGH MONTHLY OR ANNUAL EUIs (orR
(WITH 5 OR MORE UNITS) A LOW ELECTRIC LOAD FACTOR), TABLE 6 SHOWS HOW THE EUIs caN
BE USED TO IDENTIFY POTENTIAL SAVINGS OPPORTUNITIES. THESE
ELECTRICITY KWH/FT2  KWH/UNIT FI2/UNIT GENERIC SUGGESTIONS MAY NOT ADDRESS ALL AVAILABLE POSSIBILI-
ToTAL OCCUPANCY 711 5761 810 TIES FOR CONSUMPTION AND/OR DEMAND PROBLEMS, BUT WHEN
OWN 5.71 7494 1313 USED IN CONJUNCTION WITH THE EUIS, MONTHLY DATA, AND A
RENT 7.47 5511 738 KNOWLEDGE OF THE BUILDING, THEY CAN PROVIDE USEFUL INSIGHT
INTO BUILDING BEHAVIOR AND ENERGY PERFORMANCE. (THE SE-
NATURAL GAs/No OiL KBTU/F2  MBTU/UNIT FI2/UNIT LECTION OF SPECIFIC ENERGY EFFICIENCY MEASURES IS DISCUSSED IN
ToTAL OCCUPANCY 58 45 789 GREATER DETAIL IN CHAPTER 6.) THE REFERENCES LISTED AT THE END
OWN M 53 1306 OF THIS CHAPTER PROVIDE FURTHER INFORMATION THAT WILL ASSIST
RENT 61 45 738 YOU IN UNDERSTANDING BUILDING ENERGY BEHAVIOR AND IDENTIFY-
ING CONSERVATION OPPORTUNITIES.
FUueL OiL/No GAs KBTU/FT2  MBTU/UNIT FT2/UNIT
TOT‘(‘)LW?I“”PANCY %6 ’7 062 Graphing the Indices for
RENT 57 36 628 Further Analysis
DuAL FUEL/GAS & OIL KBTU/F2  MBTU/UNIT FT2/UNIT AS SUGGESTED EARLIER, GRAPHICAL REPRESENTATIONS OF BUILDING
ToTAL OCCUPANCY 63 68 1081 EUIS HELP ENERGY ANALYSTS TO QUICKLY GAIN INSIGHT INTO THE WAY
OwN 45 62 1382 A BUILDING USES ENERGY. YOUR TEAM MAY ELECT TO GRAPH THE
RENT 72 70 972 INDICES FOR THOSE BUILDINGS THAT APPEAR TO BE THE BIGGEST
ENERGY USERS OR FOR ANY BUILDINGS THAT PRODUCE SURPRISING RE-

SULTS IN THE FIRST ANALYSIS. |F YOU ARE USING A COMPUTERIZED SYS-
TEM, YOU WILL PROBABLY WANT TO GO AHEAD AND EMPLOY
GRAPHICAL ANALYSIS ON ALL OF YOUR TARGETED BUILDING STOCK.
ANALYSIS OF ENERGY-SAVINGS POTENTIAL IN BUILDINGS CAN OFTEN
BE COMPLICATED, AND ONE OF THE MORE DIFFICULT ASPECTS IS

SOURCE: EIA, RESIDENTIAL ENERGY CONSUMPTION SURVEY 1990.
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ADJUSTING FOR CHANGES IN WEATHER OVER TIME. ONE TECHNIQUE
THAT ALLOWS A REASONABLE ESTIMATION OF BENEFITS WITHOUT EX-
PLICIT CORRECTIONS FOR WEATHER USES 12-MONTH “MOVING” SUMS
OF ENERGY CONSUMPTION. THE 12-MONTH MOVING WINDOW OF
ANNUAL EUIs (FRom EQUATIONS 2 AND 11) CAN BE USED TO VISUAL-
IZE MONTHLY ENERGY CONSUMPTION, WHILE MINIMIZING EFFECTS
DUE TO WEATHER. THE MOVING WINDOW IS ACHIEVED BY PLOT-
TING, FOR EACH MONTH, THE SUM OF CONSUMPTION FOR THAT
MONTH PLUS THE PREVIOUS 11 MONTHS. TO PLOT A CHART FOR ONE
YEAR, TWO YEARS OF DATA MUST BE COLLECTED.

A SIMPLE EXAMPLE OF HOW THE ANNUAL ELECTRICITY USE INDEX
CAN BE USED FOR COMPARING BUILDINGS IS PRESENTED IN FIGURE
6. GRAPHS ARE SHOWN FOR FOUR OFFICE BUILDINGS, NONE OF WHICH
USE ELECTRICITY FOR COOLING. THE GRAPH DISPLAYS THE 12-MONTH
(ANNUAL) MOVING TOTAL OF KWH ON A PER SQUARE FOOT BASIS
OVER THE PERIOD FROM 1992 THROUGH 1995. AS NOTED ABOVE,
EACH DATA POINT ON THE LINE REPRESENTS THE EUl FOR THAT
MONTH PLUS THE PREVIOUS 11 MONTHS. THAT IS, THE POINT FOR
JUNE 1992 REPRESENTS THE EUI FOR JuLY 1991 THROUGH JUNE 1992.
FLOOR AREAS ARE SHOWN ON THE GRAPH SO THAT TOTAL ANNUAL
ELECTRICITY USE FOR EACH BUILDING MAY BE ESTIMATED IF DESIRED.

AS SHOWN IN THE FIGURE, OFFICE BUILDING 1 EXHIBITS VERY HIGH
ELECTRICITY USE (IN COMPARISON WITH THE NATIONAL STATISTICS
SHOWN IN TABLE 3). SOME DECREASE IS OBSERVED FROM 1992
TO 1995, SUGGESTING THAT SOME ACTION HAS ALREADY BEEN
TAKEN TO REDUCE ENERGY USE. THE HIGH CONSUMPTION MAY
BE EXPLAINED BY THE PRESENCE OF A LARGE COMPUTER FACILITY

381 ConpuCTING AN INITIAL SCREENING

OR SOME OTHER ELECTRICITY-INTENSIVE ACTIVITY. CHANCES ARE,
HOWEVER, THAT BUILDING 1 CAN SIGNIFICANTLY BENEFIT FROM AN
ENERGY-EFFICIENT RETROFIT. THE BUILDING WARRANTS A QUICK SITE
VISIT TO DETERMINE IF THE HIGH ELECTRICITY LEVELS CAN BE JUSTI-
FIED. BUILDING 2 ALSO EXHIBITS HIGH ELECTRICITY USE AND
SHOULD BE CONSIDERED FOR FURTHER INVESTIGATION. ALTHOUGH
A DIP IN ENERGY USE IS EVIDENT, THE BUILDING’S ENERGY USE IS
CONSISTENTLY ABOVE THE NATIONAL “HIGH” CONSUMPTION LEVEL.

BUILDING 3 SHOWS A STEADY INCREASE IN ENERGY CONSUMPTION
OVER THE LAST SEVERAL YEARS. DIFFERENCES IN WEATHER BETWEEN
THE YEARS WOULD NOT EXPLAIN THE INCREASE, NOR WOULD
FLOORSPACE ADDITIONS TO THE BUILDING (SINCE THE CONSUMPTION
IS GIVEN ON A PER SQUARE FOOT BASIS). A CHANGE IN PRINCIPAL
BUILDING ACTIVITY COULD ACCOUNT FOR THE INCREASE, BUT THE
BUILDING OWNER OR OPERATOR SHOULD BE CONTACTED TO IDENTIFY
THE REASON. BUILDING 4 IS WELL BELOW THE “HIGH” CONSUMPTION
LEVEL AND DOES NOT EXHIBIT ANY OBVIOUS “SPIKES” IN ENERGY
USE OVER THE LAST SEVERAL YEARS. ACCORDINGLY, OTHER BUILDINGS
IN YOUR COMMUNITY MAY BENEFIT MORE FROM A RETROFIT. RE-
MEMBER THAT, IF POSSIBLE, YOU SHOULD COMPARE YOUR
BUILDING EUIS TO INDICES BASED ON LOCAL AND REGIONAL BUILD-
ING STOCK DATA.

GRAPHICAL ANALYSIS OF ADDITIONAL INDICES CAN OFFER FURTHER
INSIGHT ON BUILDING PERFORMANCE. ANNUALIZED CONSUMPTION
INDICES (FROM EQUATION 3) MAY BE PLOTTED AND EXAMINED TO
IDENTIFY SEASONAL OR UNUSUAL FLUCTUATIONS IN CONSUMPTION.
MONTHLY AND SEASONAL ANOMALIES IN THE DATA CAN REVEAL
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Electricity Consumption EUls for Four Office Buildings
(Moving 12-Month Sum)
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FIGURE 6. A GRAPHICAL REPRESENTATION OF MONTH-BY-MONTH MOVING ANNUAL EUIS FOR ELECTRICITY

Rebuild America

CONDUCTING AN INITIAL SCREENING 3 8



Rebuild America

TABLE 6. POSSIBLE SOURCES FOR SAVINGS OPPORTUNITIES

IDENTIFICATION FACTOR

POSSIBLE SOURCE

INVESTIGATE

HIGH ELECTRICAL CONSUMPTION INDEX

INEFFICIENT HVAC

AIR-CONDITIONING EQUIPMENT, HEATING EQUIPMENT,
AIR/WATER DISTRIBUTION SYSTEM

AFTER-HOURS EQUIPMENT
OPERATIONS

HVAC CONTROLS, LIGHTING, OFFICE EQUIPMENT, REFRIGERATING
EQUIPMENT, INEFFICIENT EXTERIOR LIGHTING

BuILDING ENVELOPE

EXCESSIVE INFILTRATION FROM OPEN DOORS OR LOADING DOCKS,
HIGH SOLAR LOADS FROM LARGE AMOUNTS OF GLAZING

Hi1GH PEAK ELECTRICAL DEMAND
INDEX

ELECTRIC RESISTANCE HEATING

MAIN HEATING SYSTEM, SUPPLEMENTAL HEATING, COOKING EQUIPMENT

INEFFICIENT LIGHTING SYSTEM

AMOUNT OF INCANDESCENT AND/OR FLUORESCENT-MAGNETIC BALLAST
LIGHTING IN USE

ELECTRICAL EQUIPMENT

LARGE COMPUTERS OR LARGE NUMBER OF COMPUTERS IN USE

Low ELECTRICAL LOAD FACTOR

ELECTRIC RESISTANCE HEATING

MAIN HEATING SYSTEM, SUPPLEMENTAL HEATING
(HEAT PUMP SUPPLEMENT OR PORTABLE HEATERS)

OVERSIZED HVAC EQUIPMENT

PROPER SIZING OF EQUIPMENT FOR BUILDING LOAD, EXCESSIVE SHORT CYCLING
OF EQUIPMENT

BILLINGERRORS

PREVIOUS ELECTRIC UTILITY BILLS (CONTACT ELECTRIC UTILITY COMPANY)

HiGH ELECTRICAL OCCUPANCY
LoAaD FACTOR

AFTER-HOURS LIGHTING

INTERIOR LIGHTING UNNECESSARILY USED AFTER-HOURS, INEFFICIENT EXTERIOR
LIGHTING

AFTER-HOURS HVAC Use

HVAC cONTROLS

MISCELLANEOUS EQUIPMENT

UNUSED COMPUTERS, REFRIGERATORS OR FREEZERS

HIGH NATURAL GAS CONSUMPTION
INDEX

AFTER-HOURS HEATING USE

HEATING CONTROLS

BuIiLDING ENVELOPE

EXCESSIVE INFILTRATION FROM OPEN DOORS OR LOADING DOCKS

INEFFICIENT USE OF GAS

HEATING SYSTEM EFFICIENCY, COMBUSTION EFFICIENCY, DISTRIBUTION SYSTEM

SOURCE:
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(EQUATION 8) IS LARGER THAN 1.5 FOR
A MAJORITY OF THE YEAR, EXCESSIVE

ELF EOLF

ELF

WHEN COMPARED TO THE NATIONAL

4 . . * AFTER-HOURS CONSUMPTION MAY BE
3.5 “‘--..,‘ .,' .""--..’ Consumption 125 OCCURRING AND CONTRIBUTING TO THE
3 le** “‘ . "‘ ] HIGHER CONSUMPTION INDEX. DUR-
05| \“ :: “'... “"*; 20 ING THE WINTER MONTHS, DEMAND

EOLF . o " 1 LEVELS (AT 8.0 W/FT?) ARE ALSO HIGH
2 1 15

10 DISTRIBUTION FOR OFFICES. THE HIGH
DEMAND FOR ELECTRICITY (EQUATION
4) DURING THE HEATING SEASON

INDICATES THAT AN INEFFICIENT

Jan Feb  Mar Apr

Oct  Nov Dec

ELECTRIC-RESISTANCE HEATING SYS-

Consumption (kWh/ft™-yr), Demand (W/ft)

TEM MAY EXIST. ADDITIONALLY, DE-
MAND INDICES ARE HIGH ALL YEAR,

SIGNALING THAT THE BUILDING HAS

FIGURE 7. GRAPHICAL REPRESENTATION OF ANNUALIZED MONTHLY ELECTRICITY AND DEMAND INDICES

OPPORTUNITIES TO SAVE ENERGY OR THE GRAPHS CAN LATER BE
USED SIMPLY TO VERIFY SAVINGS AS A RESULT OF PLANNED EFFICIENCY
MEASURES. AS AN EXAMPLE, FIGURE 7 SHOWS THE MONTHLY EUIs
FOR A SMALL OFFICE BUILDING (3,700 FT?) LOCATED IN THE SOUTH-
EAST. SPECIFICALLY, THE FIGURE SHOWS “ANNUALIZED” CONSUMP-
TION INDICES (ON A MONTHLY BASIS), LOAD FACTORS, AND DE-
MAND INDICES FOR 12 MONTHS. HERE, THE ANNUALIZED CON-
SUMPTION FOR THE BUILDING IS HIGH AT 21.8 KWH/FT?, COMPARED
TO THE NATION’S HIGH OF 17.6 KWH/FT? (TABLE 3). SINCE THE EOLF

AN INEFFICIENT, POSSIBLY OVERSIZED,
LIGHTING SYSTEM.
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OST AND FINANCING ISSUES ARE PIVOTAL FACTORS IN
C DETERMINING WHICH ENERGY EFFICIENCY MEASURES WILL
BE INCLUDED IN YOUR FINAL ENERGY MANAGEMENT PLAN. EVEN
AT THIS EARLY STAGE IN YOUR PROGRAM, THEREFORE, YOU AND
YOUR TEAM SHOULD TAKE A LOOK AT THE COST AND FINANCING
ISSUES, BEGIN DEVELOPING SOME ROUGH COST ESTIMATES, AND
CONSIDER YOUR FINANCING OPTIONS. AFTER COMPLETING MORE
DETAILED ANALYSES LATER IN THE PROCESS, YOU WILL BE ABLE TO
REFINE THESE INITIAL COST ESTIMATES AND SELECT THE BEST WAY

TO FINANCE YOUR PROGRAM.

Rebuild America

BEFORE YOU EXAMINE YOUR FINANCING OPTIONS, OF COURSE, YOU
WILL NEED TO HAVE A REASONABLY GOOD APPROXIMATION OF THE
MEASURES THAT MAY BE IMPLEMENTED. FOR THIS PURPOSE, YOU
WILL WANT TO PERFORM COST/BENEFIT ANALYSES ON EACH CANDI-
DATE MEASURE TO IDENTIFY THOSE WITH THE BEST INVESTMENT
POTENTIAL. THIS CHAPTER PRESENTS A BRIEF INTRODUCTION TO COST/
BENEFIT METHODS AND THEN SUGGESTS A VARIETY OF OPTIONS FOR
FINANCING YOUR PROGRAM.

Selecting a Cost/Benefit
Analysis Method

IN ANALYZING ALTERNATIVE BUILDING ENERGY IMPROVEMENTS,
COST/BENEFIT ANALYSIS IS USED TO DETERMINE IF AND WHEN AN
IMPROVEMENT WILL PAY FOR ITSELF THROUGH ENERGY SAVINGS, AND
TO SET PRIORITIES AMONG ALTERNATIVE IMPROVEMENT PROJECTS
(THUMANN 1991, NBS 1980, NEWNAN 1977). COST/BENEFIT
ANALYSES MAY BE CONDUCTED USING A SIMPLE PAYBACK
ANALYSIS OR A MORE SOPHISTICATED ANALYSIS OF TOTAL LIFE CYCLE
COSTS AND SAVINGS. SINCE MOST ELECTRIC UTILITY RATE SCHEDULES
ARE BASED ON BOTH CONSUMPTION AND PEAK DEMAND, YOUR
ANALYST SHOULD BE SKILLED AT ASSESSING THE IMPACTS OF
CHANGES IN BOTH ELECTRICITY USE AND DEMAND ON TOTAL COST
SAVINGS, REGARDLESS OF WHICH TYPE OF ANALYSIS IS USED.

BEFORE BEGINNING ANY COST/BENEFIT ANALYSES, YOU MUST FIRST

DETERMINE ACCEPTABLE DESIGN ALTERNATIVES THAT CAN MEET
THE HEATING, COOLING, LIGHTING, AND CONTROL REQUIREMENTS OF

FINANCING YOUR RETROFIT PROGRAM

39



Rebuild America

THE BUILDING BEING EVALUATED. THE CRITERIA FOR DETERMINING
WHETHER A DESIGN ALTERNATIVE IS “ACCEPTABLE” SHOULD IN-
CLUDE RELIABILITY, SAFETY, CONFORMANCE WITH BUILDING CODES,
OCCUPANT COMFORT, NOISE LEVELS, AND EVEN SPACE LIMITA-
TIONS. SINCE THERE WILL USUALLY BE A NUMBER OF ACCEPTABLE
ALTERNATIVES FOR ANY PROJECT, BENEFIT-COST ANALYSES ALLOW YOU
TO SELECT THOSE THAT HAVE THE BEST SAVINGS POTENTIAL.

Simple Payback Analysis

A HIGHLY SIMPLIFIED FORM OF COST/BENEFIT ANALYSIS IS CALLED
SIMPLE PAYBACK. IN THIS METHOD, THE TOTAL FIRST COST OF THE
IMPROVEMENT IS DIVIDED BY THE FIRST-YEAR ENERGY COST SAV-
INGS PRODUCED BY THE IMPROVEMENT. THIS METHOD YIELDS
THE NUMBER OF YEARS REQUIRED FOR THE IMPROVEMENT TO PAY
FORITSELF.

Simple FPayback

AS AN EXAMPLE OF SIMPLE PAYBACK, CONSIDER THE LIGHTING RETROFIT OF A 10,000-

SQUARE-FOOT COMMERCIAL OFFICE BUILDING. RELAMPING WITH T-8 LAMPS AND ELEC-

TRONIC, HIGH-EFFICIENCY BALLASTS MAY COST AROUND $13,300 ($50 EACH FOR 266 FIX-

TURES) AND PRODUCE ANNUAL SAVINGS OF AROUND $4,800 PER YEAR (80,000 KWH AT

$0.06/KWH). THE SIMPLE PAYBACK TIME FOR THIS IMPROVEMENT WOULD BE

$13,300

— - =2.8YEARS
$4,800/YEAR

THAT IS, THE IMPROVEMENT WOULD PAY FOR ITSELF IN 2.8 YEARS, A 36% SIMPLE RETURN
ON THE INVESTMENT (1/2.8 = 0.36).

N0 FnancinG YOUR RETROFIT PROGRAM

IN SIMPLE PAYBACK ANALYSIS, YOU ARE ASSUMING THAT THE SER-
VICE LIFE OF THE ENERGY EFFICIENCY MEASURE WILL EQUAL OR EX-
CEED THE SIMPLE PAYBACK TIME. SIMPLE PAYBACK ANALYSIS
PROVIDES A RELATIVELY EASY WAY TO EXAMINE THE OVERALL COSTS
AND SAVINGS POTENTIALS FOR A VARIETY OF PROJECT ALTERNATIVES.
HOWEVER, IT DOES NOT CONSIDER A NUMBER OF FACTORS THAT ARE
DIFFICULT TO PREDICT, YET CAN HAVE A SIGNIFICANT IMPACT ON
COST SAVINGS. THESE FACTORS MAY BE CONSIDERED BY USING A
MORE SOPHISTICATED LIFE CYCLE cOST (LCC) ANALYSIS.

Life Cycle Cost Analysis

LIFE CYCLE COSTING IS AN ANALYSIS OF THE TOTAL COST OF A SYSTEM, DE-
VICE, BUILDING, OR OTHER CAPITAL EQUIPMENT OR FACILITY OVER ITS
ANTICIPATED USEFUL LIFE. LCC ANALYSES ALLOW A COMPREHEN-
SIVE ASSESSMENT OF ALL ANTICIPATED COSTS ASSOCIATED WITH A
DESIGN ALTERNATIVE. FACTORS COMMONLY CONSIDERED IN LCC
ANALYSES ARE INITIAL CAPITAL COST, OPERATING COSTS, MAINTE-
NANCE COSTS, FINANCING COSTS, THE EXPECTED USEFUL LIFE OF
EQUIPMENT, AND ITS FUTURE SALVAGE VALUES. THE RESULT OF THE
LCC ANALYSIS IS GENERALLY EXPRESSED AS THE VALUE OF INITIAL
AND FUTURE COSTS IN TODAY’S DOLLARS (LIPPIATT 1995), AS RE-
FLECTED BY AN APPROPRIATE DISCOUNT RATE.

THE FIRST STEP IN PERFORMING AN LCC ANALYSIS IS TO ESTABLISH THE
GENERAL STUDY PARAMETERS FOR THE PROJECT, INCLUDING THE BASE
DATE (THE DATE TO WHICH ALL FUTURE COSTS ARE DISCOUNTED), THE
SERVICE DATE (THE DATE WHEN THE NEW SYSTEM WILL BE PUT



INTO SERVICE), THE STUDY PERIOD (THE LIFE OF THE PROJECT OR THE
NUMBER OF YEARS OVER WHICH THE INVESTOR HAS A FINANCIAL IN-
TEREST IN THE PROJECT), AND THE DISCOUNT RATE. WHEN TWO OR
MORE DESIGN ALTERNATIVES ARE TO BE COMPARED (OR EVEN
WHEN A SINGLE ALTERNATIVE IS COMPARED AGAINST AN EXISTING
DESIGN), THESE VARIABLES MUST BE THE SAME FOR EACH TO AS-
SURE THAT THE COMPARISON IS VALID. IT IS MEANINGLESS TO COM-
PARE THE LCC OF TWO OR MORE ALTERNATIVES IF THEY ARE
COMPUTED USING DIFFERENT STUDY PERIODS OR DIFFERENT DIS-
COUNT RATES.

DECISION MAKERS IN BOTH THE PUBLIC AND PRIVATE SECTORS
HAVE LONG USED LIFE CYCLE COSTING TO OBTAIN AN OBJECTIVE
ASSESSMENT OF THE TOTAL COST OF OWNING, OPERATING, AND
MAINTAINING A BUILDING OR BUILDING SYSTEM IMPROVEMENT
OVER ITS USEFUL LIFE. NEVERTHELESS, AN LCC ANALYSIS DOES RE-
QUIRE THE USE OF SOUND JUDGMENT AS TO ACCEPTABLE ALTERNA-
TIVES, USEFUL LIFE, EQUIPMENT EFFICIENCIES, AND DISCOUNT RATES.

Selecting the
“Best” Alternatives

GENERALLY, ALL PROJECT ALTERNATIVES SHOULD BE INITIALLY
SCREENED USING SIMPLE PAYBACK ANALYSES. A MORE DETAILED
AND COSTLY LCC ANALYSIS SHOULD BE RESERVED FOR LARGE
PROJECTS OR THOSE IMPROVEMENTS THAT ENTAIL A LARGE INVEST-
MENT, SINCE A DETAILED COST ANALYSIS WOULD THEN BE A SMALL
PART OF THE OVERALL COST. BOTH SIMPLE PAYBACK AND LCC
ANALYSES WILL ALLOW YOU TO SET PRIORITIES BASED ON MEASURES

Rebuild America

THAT REPRESENT THE GREATEST RETURN ON INVESTMENT. IN ADDI-
TION, THESE ANALYSES CAN PROVIDE A PRELIMINARY INDICATION OF
APPROPRIATE FINANCING OPTIONS, AS FOLLOWS:

0 ENERGY EFFICIENCY MEASURES THAT HAVE A SHORT PAYBACK
PERIOD, SUCH AS 1 TO 2 YEARS, ARE THE MOST ATTRACTIVE ECO-
NOMICALLY, AND SHOULD BE CONSIDERED FOR IMPLEMENTATION
USING OPERATING RESERVES OR OTHER READILY AVAILABLE INTERNAL
FUNDS.

0 ENERGY EFFICIENCY MEASURES THAT HAVE PAYBACK PERI-
ODS FROM 3 TO 5 YEARS MAY BE CONSIDERED FOR FUNDING
FROM AVAILABLE INTERNAL CAPITAL INVESTMENT MONIES, OR
MAY BE ATTRACTIVE CANDIDATES FOR THIRD-PARTY FINANCING
THROUGH ENERGY SERVICE COMPANIES OR EQUIPMENT LEAS-
ING ARRANGEMENTS.

0 FREQUENTLY, SHORT PAYBACK MEASURES CAN BE COM-
BINED WITH LONGER PAYBACK MEASURES (10 YEARS OR
MORE) IN ORDER TO INCREASE THE NUMBER OF MEASURES
THAT CAN BE COST-EFFECTIVELY INCLUDED IN A PROJECT.
PROJECTS THAT COMBINE SHORT- AND LONG-TERM PAYBACKS ARE
RECOMMENDED BY REBUILD AMERICA TO AVOID “CREAM-
SKIMMING” (IMPLEMENTING ONLY THOSE MEASURES THAT ARE
HIGHLY COST EFFECTIVE AND HAVE QUICK PAYBACKS) AT THE
EXPENSE OF OTHER WORTHWHILE MEASURES. A SELECTED SET
OF MEASURES WITH A COMBINATION OF PAYBACK PERIODS
CAN BE FINANCED EITHER FROM AVAILABLE INTERNAL FUNDS OR
THROUGH THIRD PARTY ALTERNATIVES.

FINANCING YOUR RETROFIT PROGRAM
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THE KEY IS
KNOWING
WHERE TO LOOK
AND HOW TO
CHOOSE THE
BEST FINANCING
ARRANGEMENT.

IF SIMPLE PAYBACK TIME IS LONG, 10 OR MORE YEARS, ECONOMIC
FACTORS CAN BE VERY SIGNIFICANT AND LCC ANALYSIS IS RECOM-
MENDED. IN CONTRAST, IF SIMPLE PAYBACK OCCURS WITHIN THREE
TO FIVE YEARS, MORE DETAILED LCC ANALYSIS MAY NOT BE NECES-
SARY, PARTICULARLY IF PRICE AND INFLATION CHANGES ARE ASSUMED
TO BE MODERATE. UNDER THIS ASSUMPTION, A SIMPLE PAYBACK
ANALYSIS WILL OFTEN BE WITHIN 15 TO 20% OF THE PAYBACK TIME
ESTIMATED FROM A DETAILED LCC ANALYSIS. IN GENERAL, DE-
TAILED LIFE CYCLE COST ANALYSES MAY NOT BE JUSTIFIED IF THE
PAYBACK OF THE IMPROVEMENT IS UNDER FIVE YEARS.

Weighing Non-Cost Impacts

SOME FACTORS RELATED TO BUILDING HEATING, AIR CONDITIONING,
AND LIGHTING SYSTEM DESIGN ARE NOT CONSIDERED IN EITHER
SIMPLE PAYBACK OR LCC ANALYSES. EXAMPLES INCLUDE THE
THERMAL COMFORT OF OCCUPANTS IN A BUILDING AND THE AD-
EQUACY OF TASK LIGHTING, BOTH OF WHICH AFFECT PRODUCTIVITY.
A SMALL LOSS IN PRODUCTIVITY DUE TO REDUCED COMFORT OR POOR
LIGHTING CAN QUICKLY OFFSET ANY ENERGY COST SAVINGS.

CONVENTIONAL COST/BENEFIT ANALYSES ALSO NORMALLY DO NOT
CONSIDER THE ANCILLARY SOCIETAL BENEFITS THAT CAN RESULT
FROM REDUCED ENERGY USE (E.G., REDUCED CARBON EMIS-
SIONS, IMPROVED INDOOR AIR QUALITY). IN SOME CASES, THESE
ANCILLARY BENEFITS CAN BE ASSIGNED AN AGREED UPON MON-
ETARY VALUE, BUT THE VALUES TO BE USED ARE STRONGLY DE-
PENDENT ON LOCAL FACTORS. IN GENERAL, IF SOCIETAL BENEFITS
HAVE BEEN ASSIGNED APPROPRIATE MONETARY VALUES BY A
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LOCAL UTILITY, THEY CAN BE EASILY CONSIDERED IN YOUR SAVINGS
CALCULATIONS. HOWEVER, YOUR TEAM SHOULD DISCUSS THIS IS-
SUE WITH YOUR LOCAL UTILITY OR CONSULTANTS WORKING ON SUCH
VALUES IN YOUR AREA.

FINALLY, IN ANY COST ANALYSIS, IT CAN BE VERY IMPORTANT TO
INCLUDE AVOIDED COST AS PART OF THE BENEFIT OF THE RETROFIT.
WHEN UPGRADING OR REPLACING BUILDING EQUIPMENT, THE
AVOIDED COST OF MAINTAINING EXISTING EQUIPMENT SHOULD
BE CONSIDERED A COST SAVINGS PROVIDED BY THE IMPROVE-
MENT. THE PURPOSE OF PERFORMING COST/BENEFIT ANALYSES
AT THIS POINT IS PRIMARILY TO NARROW THE SELECTION OF POTEN-
TIAL MEASURES. FURTHER ECONOMIC EVALUATION OF INDIVIDUAL
MEASURES WILL BE CONDUCTED DURING THE DETAILED PLANNING
FOR IMPLEMENTATION, AS DISCUSSED IN CHAPTER 7.

Financing Mechanisms

FINANCING CAN BE ONE OF THE MOST CRITICAL ELEMENTS FOR EFFI-
CIENCY RENOVATIONS. [T DETERMINES HOW MUCH CAN ACTUALLY
BE ACCOMPLISHED. THE KEY IS KNOWING WHERE TO LOOK AND

HOW TO SELECT THE MOST APPROPRIATE FINANCING MECHANISM.

CAPITAL FOR ENERGY EFFICIENCY IMPROVEMENTS IS AVAILABLE
FROM A VARIETY OF PUBLIC AND PRIVATE SOURCES, AND CAN BE
ACCESSED THROUGH A WIDE AND FLEXIBLE RANGE OF FINANCING
INSTRUMENTS. WHILE VARIATIONS MAY OCCUR, THERE ARE FIVE
GENERAL FINANCING MECHANISMS AVAILABLE TODAY FOR INVEST-
ING IN ENERGY EFFICIENCY:



O INTERNAL FUNDS. ENERGY EFFICIENCY IMPROVEMENTS ARE FI-
NANCED BY DIRECT ALLOCATIONS FROM AN ORGANIZATION’S
OWN INTERNAL CAPITAL OR OPERATING BUDGET.

O DEBT FINANCING. ENERGY EFFICIENCY IMPROVEMENTS ARE
FINANCED WITH CAPITAL BORROWED DIRECTLY BY AN ORGANI-
ZATION FROM PRIVATE LENDERS.

0 LEASE OR LEASE-PURCHASE AGREEMENTS. ENERGY-EFFICIENT
EQUIPMENT IS ACQUIRED THROUGH AN OPERATING OR FI-
NANCING LEASE WITH NO UP-FRONT COSTS, AND PAYMENTS
ARE MADE OVER FIVE TO TEN YEARS.

0 ENERGY PERFORMANCE CONTRACTS. ENERGY EFFICIENCY MEA-
SURES ARE FINANCED, INSTALLED, AND MAINTAINED BY A
THIRD PARTY, WHICH GUARANTEES SAVINGS AND PAYMENTS
BASED ON THOSE SAVINGS.

0 UTILITY INCENTIVES. REBATES, GRANTS, OR OTHER FINANCIAL
ASSISTANCE IS OFFERED BY AN ENERGY UTILITY FOR THE DESIGN
AND PURCHASE OF CERTAIN ENERGY-EFFICIENT SYSTEMS AND
EQUIPMENT.

THESE FINANCING MECHANISMS ARE NOT MUTUALLY EXCLUSIVE (I.E.,
AN ORGANIZATION MAY USE SEVERAL OF THEM IN VARIOUS COMBI-
NATIONS). THE MOST APPROPRIATE SET OF OPTIONS WILL DEPEND
ON THE TYPE OF ORGANIZATION (PUBLIC OR PRIVATE), SIZE AND
COMPLEXITY OF A PROJECT, INTERNAL CAPITAL CONSTRAINTS, IN-
HOUSE EXPERTISE, AND OTHER FACTORS. EACH OF THESE MECHA-
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NISMS IS DISCUSSED BRIEFLY BELOW, FOLLOWED BY SOME ADDI-
TIONAL FUNDING SOURCES AND CONSIDERATIONS.

Internal Funds

THE MOST DIRECT WAY FOR THE OWNER OF A BUILDING OR FACILITY TO
PAY FOR ENERGY EFFICIENCY IMPROVEMENTS IS TO ALLOCATE FUNDS
FROM THE INTERNAL CAPITAL OR OPERATING BUDGET. FINANCING
INTERNALLY HAS TWO CLEAR ADVANTAGES OVER THE OTHER OPTIONS
DISCUSSED BELOW —IT RETAINS INTERNALLY ALL SAVINGS FROM IN-
CREASED ENERGY EFFICIENCY, AND IT IS USUALLY THE SIMPLEST OP-
TION ADMINISTRATIVELY. THE RESULTING SAVINGS MAY BE USED TO
DECREASE OVERALL OPERATING EXPENSES IN FUTURE YEARS OR RE-
TAINED (ALL OR SOME PORTION OF THEM) WITHIN A REVOLVING FUND
AND USED TO SUPPORT ADDITIONAL EFFICIENCY INVESTMENTS.
MANY PUBLIC AND PRIVATE ORGANIZATIONS REGULARLY FINANCE
SOME OR ALL OF THEIR ENERGY EFFICIENCY IMPROVEMENTS FROM
INTERNAL FUNDS.

IN SOME INSTANCES, COMPETITION FROM ALTERNATIVE CAPITAL
INVESTMENT NEEDS AND THE REQUIREMENT FOR RELATIVELY HIGH
RATES OF RETURN MAY LIMIT THE USE OF INTERNAL FUNDS FOR MAJOR, STAND-
ALONE INVESTMENTS IN ENERGY EFFICIENCY. IN MOST ORGANIZATIONS,
FOR EXAMPLE, THE HIGHEST PRIORITIES FOR INTERNAL FUNDS ARE BUSINESS
OR SERVICE EXPANSION, CRITICALHEALTH AND SAFETY NEEDS, OR PRO-
DUCTIVITY ENHANCEMENTS. IN BOTH THE PUBLIC AND PRIVATE SECTORS,
CAPITAL THAT REMAINS AVAILABLE AFTER THESE PRIORITIES HAVE BEEN
MET WILLUSUALLY BE INVESTED IN THOSE AREAS THAT OFFER THE HIGHEST
RATES OF RETURN. THE CRITERIA FOR SUCH INVESTMENTS COMMONLY

FINANCING YOUR RETROFIT PROGRAM
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INCLUDE AN ANNUAL RETURN OF 20 TO 30 PERCENT OR A SIMPLE
PAYBACK OF THREE YEARS OR LESS.

SINCE COMPREHENSIVE ENERGY EFFICIENCY IMPROVEMENTS COM-
MONLY HAVE SIMPLE PAYBACKS OF FIVE TO SIX YEARS, OR ABOUT A
12-PERCENT ANNUAL RATE OF RETURN, INTERNAL FUNDS CANNOT REAL-
ISTICALLY BE EXPECTED TO SERVE AS THE SOLE SOURCE OF FINANCING
FOR SUCH IMPROVEMENTS. ALTERNATIVELY, HOWEVER, INTERNAL
FUNDING CAN BE USED WELL AND PROFITABLY TO ACHIEVE MORE
COMPETITIVE RATES OF RETURN WHEN COMBINED WITH ONE OR
MORE OF THE OTHER OPTIONS DISCUSSED BELOW.

Debt Financing

DIRECT BORROWING OF CAPITAL FROM PRIVATE LENDERS CAN BE AN
ATTRACTIVE ALTERNATIVE TO THE ALLOCATION OF INTERNAL FUNDING
FOR ENERGY EFFICIENCY INVESTMENTS. FOR BOTH GOVERNMENT
AND BUSINESS ORGANIZATIONS, THIS APPROACH AVOIDS TAPPING
INTERNAL FUNDING, AND FINANCING COSTS CAN BE REPAID BY THE
SAVINGS THAT ACCRUE FROM INCREASED ENERGY EFFICIENCY. ADDI-
TIONALLY, MUNICIPAL GOVERNMENTS CAN OFTEN ISSUE BONDS OR OTHER
LONG-TERM DEBT INSTRUMENTS AT SUBSTANTIALLY LOWER INTEREST RATES
THAN CAN PRIVATE CORPORATE ENTITIES. AS IN THE CASE OF INTERNAL
FUNDING, ALL SAVINGS FROM EFFICIENCY IMPROVEMENTS (LESS ONLY THE
COSTOF FINANCING) ARE RETAINED INTERNALLY.

DEBT FINANCING IS ADMINISTRATIVELY MORE COMPLEX THAN INTER-
NAL FUNDING, AND FINANCING COSTS WILL VARY ACCORDING TO THE
CREDIT RATING OF THE BORROWER. THIS APPROACH MAY ALSO BE
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RESTRICTED BY FORMAL DEBT CEILINGS IMPOSED BY CORPORATE OR
MUNICIPAL POLICY, ACCOUNTING STANDARDS, AND/OR FEDERAL OR
STATE LEGISLATION. AS A KEY EXAMPLE OF THE LATTER, THE TAX RE-
FORM ACT OF 1986 PLACED A CAP ON THE TOTAL AMOUNT OF REV-
ENUE BONDS THAT A STATE AND ITS LOCAL PUBLIC AGENCIES MAY
ISSUE. THIS CAP HAS RESULTED IN SUBSTANTIAL COMPETITION FOR
THE AVAILABLE BONDS AND CAN REDUCE THE AVAILABILITY OF TAX-
FAVORED FINANCING.

IN GENERAL, DEBT FINANCING SHOULD BE CONSIDERED FOR LARGER
RETROFIT PROJECTS THAT INVOLVE MULTIPLE BUILDINGS OR FACILITIES
AND THAT POSE RELATIVELY LITTLE RISK IN COLLECTIVELY ACHIEVING
THEIR ENERGY SAVINGS TARGETS. WHEN CONSIDERING DEBT FINANC-
ING, ORGANIZATIONS SHOULD WEIGH THE COST AND COMPLEXITY OF
THIS TYPE OF FINANCING AGAINST THE SIZE AND RISK OF THE PRO-
POSED PROJECTS.

Lease and Lease-Furchase
Agreements

LEASING AND LEASE-PURCHASE AGREEMENTS PROVIDE A MEANS
TO REDUCE OR AVOID THE HIGH, UP-FRONT CAPITAL COSTS OF NEW,
ENERGY-EFFICIENT EQUIPMENT. THESE AGREEMENTS MAY BE OF-
FERED BY COMMERCIAL LEASING CORPORATIONS, MANAGEMENT
AND FINANCING COMPANIES, BANKS, INVESTMENT BROKERS, OR
EQUIPMENT MANUFACTURERS. AS WITH DIRECT BORROWING, THE
LEASE SHOULD BE DESIGNED SO THAT THE ENERGY SAVINGS ARE
SUFFICIENT TO PAY FOR THE FINANCING CHARGES. WHILE THE TIME
PERIOD OF A LEASE CAN VARY SIGNIFICANTLY, LEASES IN WHICH THE



Types of Leasing Agreements

OPERATING LEASES ARE USUALLY FOR A SHORT TERM, OCCASIONALLY FOR
PERIODS OF LESS THAN ONE YEAR. AT THE END OF THE LEASE PERIOD, THE
LESSEE MAY EITHER RENEGOTIATE THE LEASE, BUY THE EQUIPMENT FOR
ITS FAIR MARKET VALUE, OR ACQUIRE OTHER EQUIPMENT. THE LESSOR IS
CONSIDERED THE OWNER OF THE LEASED EQUIPMENT AND CAN CLAIM
TAX BENEFITS FOR ITS DEPRECIATION.

FINANCING LEASES ARE AGREEMENTS IN WHICH THE LESSEE ESSENTIALLY

PAYS FOR THE EQUIPMENT IN MONTHLY INSTALLMENTS. ALTHOUGH PAY-

MENTS ARE GENERALLY HIGHER THAN FOR AN OPERATING LEASE, THE LES-

SEE MAY PURCHASE THE EQUIPMENT AT THE END OF THE LEASE FOR A

NOMINAL AMOUNT (commMONLY $1.00). THE LESSEE IS CONSIDERED THE
OWNER OF THE EQUIPMENT AND MAY CLAIM CERTAIN TAX BENEFITS FOR
ITS DEPRECIATION.

MUNICIPAL LEASES ARE AVAILABLE ONLY TO TAX-EXEMPT ENTITIES SUCH
AS SCHOOL DISTRICTS OR MUNICIPALITIES. UNDER THIS TYPE OF LEASE, THE
LESSOR DOES NOT HAVE TO PAY TAXES ON THE INTEREST PORTION OF THE
LESSEE’S PAYMENTS, AND CAN THEREFORE OFFER AN INTEREST RATE THAT IS
LOWER THAN THE RATE FOR USUAL FINANCING LEASES.

BECAUSE OF RESTRICTIONS AGAINST MULTIYEAR LIABILITIES, THE MUNICIPAL-
ITY SPECIFIES IN THE CONTRACT THAT THE LEASE WILL BE RENEWED YEAR
BY YEAR. THIS PLACES A HIGHER RISK ON THE LESSOR, WHO MUST BE PRE-
PARED FOR THE POSSIBILITY THAT FUNDING FOR THE LEASE MAY NOT BE
APPROPRIATED. THE LESSOR MAY THEREFORE CHARGE AN INTEREST RATE
THAT IS AS MUCH AS 2 PERCENT ABOVE THE TAX-EXEMPT BOND RATE,
BUT STILL LOWER THAN RATES FOR REGULAR FINANCING LEASES. MUNICIPAL
LEASES NONETHELESS ARE GENERALLY FASTER AND MORE FLEXIBLE FINANC-
ING TOOLS THAN TAX-EXEMPT BONDS.

GUARANTEED SAVINGS LEASES ARE THE SAME AS FINANCING OR OPERAT-
ING LEASES — BUT WITH THE ADDITION OF A GUARANTEED SAVINGS
CLAUSE. UNDER THIS TYPE OF LEASE, THE LESSEE IS GUARANTEED THAT
THE ANNUAL PAYMENTS FOR LEASING THE ENERGY EFFICIENCY IMPROVE-
MENTS WILL NOT EXCEED THE ENERGY SAVINGS GENERATED BY THEM.
THE OWNER PAYS THE CONTRACTOR A FIXED PAYMENT PER MONTH. IF
ACTUAL ENERGY SAVINGS ARE LESS THAN THE FIXED PAYMENT, HOW-
EVER, THE OWNER PAYS ONLY THE SMALL AMOUNT SAVED AND RECEIVES
A CREDIT FOR THE DIFFERENCE.

Rebuild America

LESSEE ASSUMES OWNERSHIP OF THE EQUIPMENT GENERALLY RANGE
FROM FIVE TO TEN YEARS. THERE ARE SEVERAL DIFFERENT TYPES OF
LEASING AGREEMENTS, AS SHOWN IN THE BOX. SPECIFIC LEASE
AGREEMENTS WILL VARY ACCORDING TO LESSOR POLICIES, THE COM-
PLEXITY OF THE PROJECT, WHETHER OR NOT ENGINEERING AND DE-
SIGN SERVICES ARE INCLUDED, AND OTHER FACTORS.

Energy FPerformance Contracts

ENERGY PERFORMANCE CONTRACTS ARE GENERALLY FINANCING OR
OPERATING LEASES PROVIDED BY AN ENERGY SERVICE COMPANY
(ESCo) OR EQUIPMENT MANUFACTURER. THE DISTINGUISHING FEA-
TURE OF THESE CONTRACTS IS THAT THEY PROVIDE A GUARANTEE ON
ENERGY SAVINGS FROM THE INSTALLED RETROFIT MEASURES, AND THEY
USUALLY ALSO OFFER A RANGE OF ASSOCIATED DESIGN, INSTALLATION,
AND MAINTENANCE SERVICES. THE CONTRACT PERIOD CAN RANGE
FROM FIVE TO TEN YEARS, AND THE CUSTOMER IS REQUIRED TO HAVE
A CERTAIN MINIMUM LEVEL OF CAPITAL INVESTMENT (GENERALLY
$200,000 OR MORE) BEFORE A CONTRACT WILL BE CONSIDERED.

UNDER AN ENERGY PERFORMANCE CONTRACT, THE ESCO PROVIDES
A SERVICE PACKAGE THAT TYPICALLY INCLUDES THE DESIGN AND
ENGINEERING, FINANCING, INSTALLATION, AND MAINTENANCE OF
RETROFIT MEASURES TO IMPROVE ENERGY EFFICIENCY. THE SCOPE OF
THESE IMPROVEMENTS CAN RANGE FROM MEASURES THAT AFFECT
A SINGLE PART OF A BUILDING’S ENERGY-USING INFRASTRUCTURE (SUCH
AS LIGHTING) TO A COMPLETE PACKAGE OF MEASURES FOR MUL-
TIPLE BUILDINGS AND FACILITIES. GENERALLY, THE SERVICE PROVIDER
WILL GUARANTEE SAVINGS AS A RESULT OF IMPROVEMENTS IN BOTH
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ENERGY AND MAINTENANCE EFFICIENCIES. FLAT-FEE PAYMENTS
TEND TO BE STRUCTURED TO MAINTAIN A POSITIVE CASH FLOW TO
THE CUSTOMER WITH WHOM THE AGREEMENT IS MADE. WITH THE
INCREASING DEREGULATION OF CONVENTIONAL ENERGY UTILITIES, SEV-
ERAL LARGER UTILITIES HAVE FORMED UNREGULATED SUBSIDIARIES
THAT OFFER A FULL RANGE OF ENERGY EFFICIENCY SERVICES UNDER
PERFORMANCE AGREEMENTS.

Utility Assistance

EQUIPMENT REBATES. SOME UTILITIES OFFER REBATES ON THE INITIAL PUR-
CHASE PRICE OF SELECTED ENERGY-EFFICIENT EQUIPMENT. THE AMOUNT
OF THE REBATE VARIES SUBSTANTIALLY DEPENDING ON THE TYPE OF
EQUIPMENT. FOR EXAMPLE, A REBATE OF $0.50 T0 $1.00 MAY BE OF-
FERED FOR THE REPLACEMENT OF AN INCANDESCENT BULB WITH A MORE
EFFICIENT FLUORESCENT LAMP, WHILE THE INSTALLATION OF AN ADJUSTABLE-
SPEED DRIVE MAY QUALIFY FOR A REBATE OF $10,000 OR MORE.

DESIGN ASSISTANCE. A SMALLER NUMBER OF UTILITIES PROVIDE DIRECT
GRANTS OR FINANCIAL ASSISTANCE TO ARCHITECTS AND ENGINEERS FOR IN-
CORPORATING ENERGY EFFICIENCY IMPROVEMENTS IN THEIR DESIGNS. THIS
SUBSIDY CAN BE BASED ON THE SQUARE FOOTAGE OF A BUILDING, AND/
OR THE TYPE OF ENERGY EFFICIENCY MEASURES BEING CONSIDERED. GEN-
ERALLY, A PARTIAL PAYMENT IS MADE WHEN THE DESIGN PROCESS IS BE-
GUN, WITH THE BALANCE PAID ONCE THE DESIGN HAS BEEN COM-
PLETED AND INSTALLATION HAS COMMENCED.

LOW-INTEREST LOANS. LOANS WITH BELOW-MARKET RATES ARE PROVIDED
BY OTHER UTILITIES FOR THE PURCHASE OF ENERGY-EFFICIENT EQUIPMENT
AND SYSTEMS. TYPICALLY, THESE LOW-INTEREST LOANS WILL HAVE AN UP-
PER LIMIT IN THE $10,000 TO $20,000 RANGE, WITH MONTHLY PAYMENTS
SCHEDULED OVER A TWO- TO FIVE-YEAR PERIOD.

FINANCING YOUR RETROFIT PROGRAM

AN ENERGY PERFORMANCE CONTRACT MUST DEFINE THE METHOD-
OLOGY FOR ESTABLISHING THE BASELINE COSTS AND COST SAVINGS
AND FOR THE DISTRIBUTION OF THOSE SAVINGS AMONG THE PARTIES.
THE CONTRACT MUST ALSO SPECIFY HOW THOSE SAVINGS WILL BE
DETERMINED, AND MUST ADDRESS CONTINGENCIES SUCH AS UTILITY
RATE CHANGES AND VARIATIONS IN THE USE AND OCCUPANCY OF A
BUILDING. WHILE SEVERAL EXCELLENT GUIDANCE DOCUMENTS EXIST
FOR SELECTING AND NEGOTIATING ENERGY PERFORMANCE CON-
TRACTS, LARGE OR COMPLICATED CONTRACTS SHOULD BE NEGOTI-
ATED WITH THE ASSISTANCE OF EXPERIENCED LEGAL COUNSEL.

Utility Incentives

SOME UTILITIES STILL OFFER FINANCIAL INCENTIVES FOR THE INSTALLATION
OF ENERGY-EFFICIENT SYSTEMS AND EQUIPMENT, ALTHOUGH THE
NUMBER AND EXTENT OF SUCH PROGRAMS APPEARS TO BE DE-
CREASING AS UTILITY DEREGULATION PROCEEDS. THESE INCENTIVES
ARE AVAILABLE FOR A VARIETY OF ENERGY-EFFICIENT PRODUCTS IN-
CLUDING LIGHTING, HVAC SYSTEMS, ENERGY MANAGEMENT CON-
TROLS, AND OTHERS. THE MOST COMMON INCENTIVES ARE EQUIP-
MENT REBATES, DESIGN ASSISTANCE, AND LOW-INTEREST LOANS.

IN GENERAL, THE PRIMARY PURPOSE OF UTILITY INCENTIVES IS TO LOWER
PEAK DEMAND; OVERALL ENERGY EFFICIENCY IS AN IMPORTANT, BUT
SECONDARY CONSIDERATION. INCENTIVES ARE MUCH MORE COM-
MONLY OFFERED BY ELECTRIC UTILITIES THAN BY NATURAL GAS UTILITIES.
THE EXTENT TO WHICH THESE INCENTIVES WILL BE CONTINUED OR
EXPANDED BY THE UTILITY INDUSTRY IS UNCERTAIN.



Additional Financing Sources
and Considerations

STATE AND FEDERAL ASSISTANCE. MATCHING GRANTS, LOANS, OR OTHER
FORMS OF FINANCIAL ASSISTANCE (IN ADDITION TO THOSE LISTED ABOVE)
MAY BE AVAILABLE FROM THE FEDERAL GOVERNMENT OR STATE
GOVERNMENTS. |F YOUR COMMUNITY IS CONSIDERING ENERGY EFFI-
CIENCY IMPROVEMENTS FOR PUBLIC OR ASSISTED MULTIFAMILY HOUS-
ING, YOUR PROGRAM COULD BE ELIGIBLE TO RECEIVE ASSISTANCE
THROUGH VARIOUS PROGRAMS OF THE U.S. DEPARTMENT OF HOuUs-
ING AND URBAN DEVELOPMENT. A VARIETY OF STATE-ADMINIS-
TERED PROGRAMS FOR BUILDING EFFICIENCY IMPROVEMENTS MAY
ALSO BE AVAILABLE, SOME OF WHICH ARE FUNDED THROUGH FED-
ERAL BLOCK GRANTS AND PROGRAMS. FEDERAL ASSISTANCE AVAIL-
ABLE THROUGH STATES INCLUDE FEDERAL BLOCK GRANTS AND STATE
ENERGY CONSERVATION PROGRAM (SECP) FUNDS. TWO EXAMPLES
OF INDIVIDUAL STATE PROGRAMS INCLUDE THE TEXAS LOANSTAR PRO-
GRAM, WHICH PROVIDES LOW-INTEREST LOANS FOR STATE AGENCIES
AND SCHOOLS, AND THE lOWA ENERGY BANK PROGRAM, WHICH
PROVIDES LOANS, LEASES, AND OTHER METHODS OF ALTERNATIVE
FINANCING FOR STATE AGENCIES, SCHOOLS, COMMUNITY COLLEGES,
AND NON-PROFIT ORGANIZATIONS. CHECK WITH YOUR STATE ENERGY
OFFICE FOR PROGRAMS AVAILABLE IN YOUR STATE.

BULK PURCHASING. LARGE ORGANIZATIONS GENERALLY HAVE PURCHASING
OR MATERIALS PROCUREMENT DEPARTMENTS THAT OFTEN BUY STAN-
DARD MATERIALS IN BULK OR RECEIVE PURCHASING DISCOUNTS BE-

CAUSE OF THE VOLUME OF THEIR PURCHASES. SUCH ORGANIZATIONS
CAN HELP REDUCE THE COSTS OF ENERGY EFFICIENCY RENOVATIONS IF
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THEIR BULK PURCHASING CAPABILITIES CAN BE USED TO OBTAIN

DISCOUNTS ON THE PRICE OF MATERIALS (E.G., LAMPS AND BAL-

LASTS). WHILE SOME LOCALES MAY HAVE RESTRICTIONS THAT LIMIT
THE USE OF THIS OPTION, SOME TYPE OF BULK PURCHASING CAN

USUALLY BE NEGOTIATED TO SATISFY ALL PARTIES INVOLVED.

PROJECT TRANSACTION COSTS. CERTAIN FIXED COSTS ARE ASSOCIATED
WITH ANALYZING AND INSTALLING ENERGY MEASURES IN EACH BUILD-
ING INCLUDED IN A RETROFIT PROGRAM. EACH ADDITIONAL BUILD-
ING, FOR EXAMPLE, COULD REPRESENT ADDITIONAL NEGOTIATIONS
AND TRANSACTIONS WITH BUILDING OWNERS, BUILDING ANALYSTS,
ENERGY AUDITORS, EQUIPMENT INSTALLERS, COMMISSIONING
AGENTS, AND OTHER CONTRACTORS. SIMILARLY, EACH ADDITIONAL
BUILDING WILL ADD TO THE EFFORT INVOLVED IN INITIAL DATA ANALY-
SIS AS WELL AS IN TRACKING ENERGY PERFORMANCE AFTER THE RETRO-
FIT. FOR THESE REASONS, IT IS OFTEN POSSIBLE TO ACHIEVE TARGET
ENERGY SAVINGS AT LOWER COST BY FOCUSING ONLY ON THOSE
BUILDINGS THAT ARE THE LARGEST ENERGY USERS. ONE DISADVAN-
TAGE WITH LARGER BUILDINGS IS THAT THE ENERGY SYSTEMS IN THE
BUILDING CAN BE MORE DIFFICULT TO UNDERSTAND, BUT OVERALL,
FOCUSING ON THE LARGEST ENERGY USERS IS OFTEN THE MOST EFFI-
CIENT USE OF YOUR FINANCIAL RESOURCES.

DIRECT VALUE-ADDED BENEFITS. THE PRIMARY VALUE OF RETROFITS TO
BUILDINGS AND FACILITIES LIES IN THE REDUCTION OF OPERATING COSTS
THROUGH IMPROVED ENERGY EFFICIENCY AND MAINTENANCE
SAVINGS. NEVERTHELESS, THE RETROFIT MAY ALSO DIRECTLY HELP
ADDRESS A VARIETY OF RELATED CONCERNS, AND THESE BENEFITS
(AND AVOIDED COSTS) SHOULD BE CONSIDERED IN ASSESSING
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THE TRUE VALUE OF AN INVESTMENT. A FEW EXAMPLES OF
THESE BENEFITS INCLUDE COMPLIANCE WITH FEDERAL REQUIRE-
MENTS FOR PHASING OUT CHLOROFLUOROCARBON (CFC) REFRIGER-
ANTS IN AIR-CONDITIONING EQUIPMENT; THE IMPROVEMENT OF
INDOOR AIR QUALITY IN OFFICE BUILDINGS AND SCHOOLS; EASIER
DISPOSAL OF TOXIC OR HAZARDOUS MATERIALS FOUND IN ENERGY-
USING EQUIPMENT; AND ASSISTANCE IN MEETING INCREASINGLY
STRINGENT STATE OR FEDERAL MANDATES FOR WATER CONSERVA-
TION. EFFECTIVE ENERGY MANAGEMENT CONTROLS FOR BUILDINGS
CAN ALSO PROVIDE A STRONG ELECTRONIC INFRASTRUCTURE FOR
IMPROVING SECURITY SYSTEMS AND TELECOMMUNICATIONS.

EcoNomic DEVELOPMENT BENEFITS. IN ADDITION TO DIRECT SAV-
INGS ON OPERATING COSTS AND THE ADDED-VALUE BENEFITS
MENTIONED ABOVE, INVESTMENTS IN ENERGY EFFICIENCY CAN
ALSO SUPPORT A COMMUNITY’S ECONOMIC DEVELOPMENT AND
EMPLOYMENT OPPORTUNITIES. LABOR WILL TYPICALLY CONSTITUTE
ABOUT 60% OF A TOTAL ENERGY INVESTMENT, AND ABOUT 50%
OF EQUIPMENT CAN BE EXPECTED TO BE PURCHASED FROM
LOCAL EQUIPMENT SUPPLIERS; AS A RESULT, ABOUT 85% OF THE
INVESTMENT IS RETAINED WITHIN THE LOCAL ECONOMY. ADDI-
TIONALLY, FUNDS RETAINED IN URBAN AREAS WILL GENERALLY BE
RESPENT IN THE LOCAL ECONOMY. THE DEPARTMENT OF COM-
MERCE ESTIMATES THAT EACH DOLLAR RETAINED IN AN URBAN
AREA WILL BE RESPENT THREE TIMES. THIS MULTIPLIER EFFECT RE-
SULTS IN A THREEFOLD INCREASE IN THE ECONOMIC BENEFITS OF
FUNDS INVESTED IN ENERGY EFFICIENCY, WITHOUT EVEN CONSID-
ERING THE SAVINGS FROM LOWER OVERALL FUEL COSTS.
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EVELOPING AN ACTION PLAN IS A CRITICAL STEP IN THE
D RENOVATION PROCESS. THE ACTION PLAN SHOULD SERVE
AS A DETAILED ROAD MAP THAT WILL GUIDE YOUR PARTNERSHIP
THROUGH THE IMPLEMENTATION, MANAGEMENT, AND MONI-
TORING OF ENERGY EFFICIENCY IMPROVEMENTS IN SELECTED
BUILDINGS AND FACILITIES. WHEN COMPLETED, IT SHOULD BE
FORMALLY ADOPTED BY YOUR PARTNERSHIP AND, IF APPROPRIATE,
BY YOUR LOCAL POLICY-MAKING BODIES (SUBJECT TO THEIR REGU-
LAR BUDGET-MAKING, OVERSIGHT, AND PERFORMANCE EVALUA-
TION PROCEDURES). THIS CHAPTER PROVIDES INFORMATION ON
THE KEY COMPONENTS THAT SHOULD BE INCLUDED IN YOUR Ac-
TION PLAN.

WHILE THE COMMITMENT TO DEVELOP AN ACTION PLAN IS SUFFI-
CIENT FOR INITIAL RECOGNITION AS A REBUILD AMERICA PARTNER
BY DOE, A COMPLETED PLAN IS ESSENTIAL BEFORE REAL ENERGY-
SAVING RESULTS CAN BE ACHIEVED WITHIN THE LOCAL COMMU-
NITY. SUBMISSION OF A COMPLETED ACTION PLAN TO REBUILD

AMERICA IS ALSO REQUIRED BEFORE A PARTNERSHIP WILL BE ELI-
GIBLE FOR EITHER FINANCIAL SUPPORT OR CUSTOMIZED TECHNICAL
ASSISTANCE FROM DOE. |IF YOUR PARTNERSHIP APPLIES FOR FINAN-
CIAL SUPPORT THROUGH THE REBUILD AMERICA SOLICITATION, HOW-
EVER, THE ACTION PLAN IS INCORPORATED IN YOUR APPLICATION.

WHILE ACTION PLANS MAY DIFFER SIGNIFICANTLY IN THEIR LEVEL OF
DETAIL, SOPHISTICATION, AND COVERAGE, ALL PLANS SHOULD AD-
DRESS FIVE MAJOR ELEMENTS: (1) PRIORITIES, GOALS, AND ORGA-
NIZATION; (2) CANDIDATE BUILDINGS FOR RENOVATION; (3) Ac-
TIONS, RESPONSIBILITIES, AND RESOURCES FOR CARRYING OUT THE
PLAN; (4) METHODS FOR MONITORING AND EVALUATING RESULTS;
AND (5) PLANS FOR PROMOTING AND EXPANDING THE PROGRAM.
THIS FIVE-PART FRAMEWORK IS OUTLINED BELOW AND INCLUDES BRIEF
DESCRIPTIONS OF THE ELEMENTS THAT SHOULD BE INCLUDED.

FPriorities, Goals, and
Organization

AN EFFECTIVE AND LONG-LASTING PROGRAM TO PRODUCE ENERGY
SAVINGS MUST BE DIRECTLY RELATED TO BROADER PRIORITIES
WITHIN YOUR COMMUNITY, SUCH AS IMPROVED ECONOMIC DE-
VELOPMENT, EXPANDED COMMERCIAL ACTIVITY, OR MORE AF-
FORDABLE HOUSING. IT REQUIRES CLEAR GOALS, TOP-LEVEL SUP-
PORT, AND A SOUND ORGANIZATIONAL STRUCTURE. THIS SECTION
OF THE ACTION PLAN SHOULD PRESENT A CONCISE STATEMENT OF
YOUR COMMUNITY’S PRIORITIES, THE PROGRAM’S ENERGY EFFI-
CIENCY GOALS, AND HOW THE ORGANIZATIONS WITHIN THE PART-
NERSHIP WILL ACT TOGETHER TO MEET THOSE GOALS.

Rebuild America
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FPriorities

STATE THE PRIORITIES TO BE OBSERVED IN MAKING POLICY AND
OPERATIONAL DECISIONS FOR YOUR PARTNERSHIP. FOR EXAMPLE, IF
YOUR COMMUNITY IS PARTICULARLY CONCERNED ABOUT ECO-
NOMIC GROWTH AND JOB CREATION, YOU MAY WISH TO GIVE
PRIORITY TO ACHIEVING ENERGY COST REDUCTIONS IN THOSE COM-
MERCIAL BUILDINGS THAT SERVE THE GREATEST PORTION OF THE
REGION’S EMPLOYMENT BASE. ALTERNATIVELY, IF HOUSING COSTS
ARE HIGH, YOUR PRIORITIES MAY FOCUS MORE STRONGLY ON REDUC-
ING OR STABILIZING COSTS THROUGH AN EMPHASIS ON MULTIFAM-
ILY RESIDENTIAL PROPERTIES. OTHER CONCERNS THAT MAY SHAPE
LOCAL PRIORITIES INCLUDE ENVIRONMENTAL ISSUES, URBAN REVITAL-
IZATION, OR COST CONSTRAINTS ON SMALL BUSINESSES. ADDITIONAL
ISSUES MAY BE RAISED BY MEMBERS OF YOUR PARTNERSHIP.

Goals

ONCE BROAD PRIORITIES HAVE BEEN DEFINED, YOU CAN DEVELOP
AN INITIAL ESTIMATE OF THE ENERGY SAVINGS POTENTIAL THAT BEST
MATCHES THOSE PRIORITIES. THE INITIAL ANALYSIS OF YOUR BUILDING
STOCK, AS DISCUSSED IN CHAPTER 3 OF THIS HANDBOOK, SHOULD
PROVIDE THE BASIS FOR REALISTIC ESTIMATES OF ENERGY AND COST-
SAVING GOALS. DOE SUGGESTS THAT YOU SET A MINIMUM EN-
ERGY SAVINGS GOAL OF 25% FOR THE TARGETED BUILDING STOCK. IN
ADDITION TO THE RATE OF ENERGY SAVINGS OR EFFICIENCY IMPROVE-
MENTS, RETROFIT GOALS SHOULD BE STATED IN TERMS OF THE TOTAL
FLOORSPACE OF COMMERCIAL BUILDINGS AND THE NUMBER OF
DWELLING UNITS IN MULTIFAMILY BUILDINGS THAT YOU INTEND TO
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Sample Goal

SAVINGS RATE
> 25% AVERAGE ENERGY EFFICIENCY IMPROVEMENT IN
COMMERCIAL BUILDINGS;
> 30% AVERAGE ENERGY EFFICIENCY IMPROVEMENT IN
MULTIFAMILY BUILDINGS.

NUMBER AND TIMEFRAME
> 500,000 SQUARE FEET OF COMMERCIAL SPACE ADDRESSED
IN 3 YEARS;
> 5,000 MULTIFAMILY RESIDENTIAL UNITS ADDRESSED IN 5 YEARS.

INVESTMENT
> $ CAPITAL INVESTMENT FOR COMMERCIAL BUILDINGS;
AVERAGE PAYBACK = 4 YEARS; AND

RETURN
>3 CAPITAL INVESTMENT FOR MULTIFAMILY BUILDINGS;
AVERAGE PAYBACK = 5 YEARS.

ADDRESS. FINALLY, YOU SHOULD STATE A TIME PERIOD WITHIN
WHICH THESE GOALS CAN BE ACHIEVED, AS WELL AS AN ESTIMATE
OF BOTH THE CAPITAL INVESTMENT AND RETURN-ON-INVESTMENT
REQUIRED TO ACHIEVE THESE GOALS.

GOALS SHOULD BE CHALLENGING AND CLEARLY STATED. THEY
SHOULD ALSO BE REALISTICALLY ACHIEVABLE WITHIN A REASONABLE
TIMEFRAME AND COST STRUCTURE. LATER STAGES OF THE PLANNING
PROCESS WILL ENABLE YOU TO ASSESS THE REASONABLENESS OF
THESE GOALS AND SELECT SPECIFIC STRATEGIES TO ACHIEVE THEM.



Organization and Leadership

THIS PART OF THE ACTION PLAN SHOULD DESCRIBE THE ORGANIZA-
TIONS AND THEIR ROLES AND RESPONSIBILITIES WITHIN YOUR PARTNER-
SHIP. THE MANAGEMENT STRUCTURE SHOULD SHOW STRONG SUP-
PORT BY TOP-LEVEL MANAGEMENT WITHIN THOSE ORGANIZATIONS.
IT SHOULD ALSO DEFINE HOW LOCAL EXPERTISE AND EXPERIENCE IN
BUILDING ENERGY ANALYSIS AND ENERGY RETROFITS WILL BE OB-
TAINED TO ASSURE THE EFFECTIVE DESIGN, FINANCING, INSTALLATION,
AND OPERATION OF ENERGY EFFICIENCY IMPROVEMENTS.

Candidate Buildings for
Renovation

THE INITIAL SCREENING OF YOUR BUILDING STOCK ENABLED YOUR
TEAM TO IDENTIFY THOSE BUILDINGS THAT REPRESENT THE BEST CAN-
DIDATES FOR ENERGY-SAVING RENOVATIONS. THIS SECTION OF THE
PLAN SHOULD IDENTIFY THOSE CANDIDATE BUILDINGS ALONG WITH
THE CHARACTERISTICS DATA AND ENERGY CONSUMPTION DATA THAT
LED TO THEIR SELECTION. YOU MAY ALSO WISH TO RANK OTHER SUB-
GROUPS OF BUILDINGS IN YOUR STOCK ACCORDING TO THEIR RELATIVE
POTENTIAL FOR FUTURE ENERGY SAVINGS.

THE RANKING OF CANDIDATE BUILDINGS SHOULD MATCH YOUR
PROGRAM’S OVERALL PRIORITIES AND GOALS, AND MAY ALSO BE
USED TO INDICATE THE DIRECTION YOUR PARTNERSHIP INTENDS TO
TAKE. EXAMPLES FOLLOW.

0 START-UP OBJECTIVES. IDENTIFY AND COMPLETE ENGINEER-
ING ASSESSMENTS FOR THE BUILDINGS WITH THE HIGHEST EN-
ERGY USE WITHIN THE COMMUNITY, AND DEVELOP SPECIFIC
COST AND PAYBACK ESTIMATES. DEVELOP A RATIONAL IN-
VESTMENT AND RENOVATION PLAN BASED ON THESE ASSESS-
MENTS.

0 MiD-TERM OBJECTIVES. EXTEND ENGINEERING ASSESSMENTS
TO BUILDINGS IN THE NEXT-HIGHEST ENERGY USE CATEGORY AS
APPROPRIATE, BASED ON ECONOMIC FACTORS, PLANNED
RENOVATION SCHEDULES, AND OTHER RELEVANT CONSIDER-
ATIONS.

0 LONGER-TERM OBJECTIVES. ESTABLISH A CONTINUING COM-
PREHENSIVE FACILITIES MANAGEMENT PROGRAM WITHIN
EACH MAJOR ORGANIZATION IN THE COMMUNITY THAT OWNS
OR OPERATES COMMERCIAL OR MULTIFAMILY RESIDENTIAL
BUILDINGS TO IMPROVE THE COMFORT AND PRODUCTIVITY OF
BUILDING OCCUPANTS AT THE LEAST POSSIBLE ENERGY COST.

THIS SECTION OF YOUR PLAN SHOULD DESCRIBE THE PROPOSED EN-
ERGY EFFICIENCY MEASURES (IN GREATER DETAIL THAN IN THE INITIAL
GOAL STATEMENT), A STRATEGY FOR CARRYING THEM OUT, AND A
TIMEFRAME FOR ACHIEVING THEM.

Rebuild America
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Actions, Reeponeibilitiee,
and Resources

MEETING THE GOALS AND OBJECTIVES ESTABLISHED BY YOUR PART-
NERSHIP WILL REQUIRE STAFF RESOURCES, TECHNICAL EXPERTISE, AND
FINANCIAL SUPPORT. THIS SECTION OF THE ACTION PLAN SHOULD DE-
FINE THE SPECIFIC ACTIONS, RESPONSIBILITIES, AND RESOURCES
NEEDED FOR MEETING THOSE REQUIREMENTS.

ACTIONS SHOULD BE DEFINED TO SATISFY BOTH START-UP AND
LONGER-TERM OBJECTIVES AS WELL AS LOCAL PRIORITIES. TECHNICAL
EXPERTISE MAY BE ACQUIRED IN-HOUSE OR FROM EXPERIENCED
CONTRACTORS, VENDORS, CONSULTANTS, OR OTHERS. LOCAL KNOWL-
EDGE OF BUILDING CODES AND ENERGY ISSUES CAN BE IMMENSELY
VALUABLE TO EFFORTS OF THIS TYPE. FINANCING OPTIONS SHOULD
CONSIDER YOUR OWN MONIES, SUPPORT FROM PRIVATE PERFOR-
MANCE CONTRACTORS, OTHER LOCAL INDUSTRY ORGANIZATIONS, ANY
AVAILABLE UTILITY REBATES OR INCENTIVES, AND PROSPECTS FOR CO-
ORDINATION WITH OTHER PLANNED BUILDING REHABILITATION
PROJECTS. ACTIONS SHOULD BE OUTLINED FOR EACH MEMBER OF
YOUR PARTNERSHIP AND FOR EACH CANDIDATE BUILDING. A SIMPLI-
FIED EXAMPLE FOR ONE RENOVATION PROJECT FOLLOWS:

0 PLANNING AND DESIGN. OUR IN-HOUSE ENGINEERING STAFF WILL
CONDUCT ENERGY USE ASSESSMENTS, DEFINE RENOVATION
MEASURES, AND PERFORM PAYBACK ANALYSES FOR BUILDING
“X” DURING THE FIRST QUARTER OF 1996.

858 DrverorinG AN AcTiON PLAN

0 IMPLEMENTATION. RENOVATIONS FOR ENERGY EFFICIENCY THAT
HAVE AN ACCEPTABLE INTERNAL RATE OF RETURN WILL BE
IMPLEMENTED IN CONJUNCTION WITH THE PLANNED MOD-
ERNIZATION OF BUILDING “X” DURING THE THIRD QUARTER OF
1996.

0 FINANCIAL RESOURCES. RENOVATIONS FOR ENERGY EFFICIENCY
WILL BE FINANCED THROUGH PROGRAMMED INTERNAL CAPI-
TAL INVESTMENT FUNDS, SUPPLEMENTED BY AVAILABLE UTIL-
ITY DEMAND REDUCTION INCENTIVES, SUBJECT TO A MAXI-
MUM cosT ofF $

Methods for Monitoring
and Evaluating Results

AN INVESTMENT IN ENERGY EFFICIENCY IS A GOOD MANAGEMENT
DECISION THAT CAN LOWER ANY ORGANIZATION’S CONTINUING OP-
ERATING COSTS. HOWEVER, LIKE ANY OTHER INVESTMENT, IT MAKES
A DEMAND ON THE RESOURCES OF AN ORGANIZATION, AND THAT
DEMAND MUST BE JUSTIFIED WITH DOCUMENTED BENEFITS. THIS
SECTION OF THE ACTION PLAN SHOULD DEFINE HOW ENERGY USE
AND COST SAVINGS WILL BE MEASURED. IT SHOULD ALSO OUTLINE
PROCEDURES FOR REPORTING THOSE RESULTS ON A REGULAR BASIS TO
DOE AND TO TOP-LEVEL PARTNERSHIP MANAGEMENT. EXAMPLES
FOLLOW.

O Use AND COST MONITORING. EACH PARTNERSHIP WILL MAIN-
TAIN A LOG OF HISTORICAL AND CURRENT DATA ON MONTHLY



ENERGY USE AND COST FOR EACH BUILDING OR FACILITY RENO-
VATED UNDER THIS PROGRAM.

0 REPORTING AND EVALUATION. RESULTS FROM THE PROGRAM
SHOULD BE PRESENTED ANNUALLY TO THE PARTNERSHIP’S
EXECUTIVE COMMITTEE. THIS PRESENTATION WILL EMPHA-
SIZE ANNUAL AND CUMULATIVE ENERGY USE AND COST SAV-
INGS. REPORTS TO DOE WILL BE MADE EVERY SIX MONTHS,
AS DISCUSSED IN CHAPTER 8 OF THIS HANDBOOK.

FPlans for FPromoting and
Expanding the Frogram

EACH PARTNERSHIP SHOULD DEFINE HOW THEIR LOCAL PROGRAM PLANS TO
EXPAND BEYOND ITS INITIAL MEMBERSHIP TO SEEK CONTINUING PARTICI-
PATION BY THE ENTIRE COMMUNITY. A KEY PART OF THIS ELEMENT OF
THE ACTION PLAN IS THE MARKETING APPROACH TO BE FOLLOWED BY

THE PARTNERSHIP TO ENSURE THAT THE PROGRAM WILL GROW AND ENDURE.
EXAMPLES OF ACTIVITIES THAT CAN BE DEFINED INCLUDE THE FOLLOWING:

O GENERAL PUBLICAWARENESS. PROMOTIONAL NOTICES IN LOCAL
NEWSPAPERS, JOURNALS, AND ELECTRONIC MEDIA THAT DE-
SCRIBE THE PARTNERSHIP, ITS MEMBERS, AND OBJECTIVES

AND THAT SOLICIT OTHER ORGANIZATIONS TO JOIN AND PARTICI-

PATE ACTIVELY IN THE PARTNERSHIP.

Rebuild America
TRAINING AND INCENTIVES. DEVELOPMENT AND DELIVERY OF

A SERIES OF WORKSHOPS AND SEMINARS SUPPORTED BY LOCAL
UTILITIES, CONTRACTORS, AND BUILDERS TO PROVIDE BUILDING
OWNERS AND MANAGERS WITH BASIC TRAINING ON THE
TECHNIQUES, FINANCIAL INCENTIVES, AND COST-SAVING BEN-
EFITS OF ENERGY EFFICIENCY RENOVATIONS.

RECOGNITION AND AWARDS. VISIBLE RECOGNITION AND
AWARDS MADE TO ORGANIZATIONS AND INDIVIDUALS WHO
HAVE CARRIED OUT SUCCESSFUL BUILDING RENOVATIONS, OR
WHO HAVE ACCEPTED STRONG LEADERSHIP RESPONSIBILITIES
FOR THE PARTNERSHIP’S ACTIVITIES.

DEVELOPING ANACTION PLAN  § §
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Understanding the Energy
O Audit

/___/

WHILE THE INITIAL ANALYSIS OF YOUR BUILDING STOCK WAS WIDE IN
l :‘ E SCOPE AND LOW IN LEVEL OF DETAIL, YOUR ENERGY AUDIT OF INDI-

VIDUAL BUILDINGS SHOULD BE NARROWLY FOCUSED AND HIGHLY DE-
TAILED. THE ENERGY AUDITS WILL LEAD TO THE IDENTIFICATION OF

t ’ a / SPECIFIC ENERGY- AND COST-SAVING MEASURES, WHICH MAY INCLUDE

OPERATIONS AND MAINTENANCE ACTIVITIES.

7 I 7 AN ENERGY AUDIT SHOULD TYPICALLY PRODUCE A REPORT THAT CON-
u I [ I/] g 5 TAINS THE FOLLOWING ELEMENTS:

{ A COMPREHENSIVE ANALYSIS OF ENERGY COSTS
N ON-SITE ENERGY PERFORMANCE STUDY, KNOWN AS AN
A ENERGY AUDIT, SHOULD BE USED TO IDENTIFY SPECIFIC EN- 0 SPECIFIC RECOMMENDATIONS ON ENERGY- AND COST-SAV-
ERGY- AND COST-SAVING MEASURES THAT COULD BE IMPLEMENTED ING RENOVATIONS
IN INDIVIDUAL BUILDINGS. THESE ON-SITE EVALUATIONS CAN ALSO
CONFIRM ANY COST ESTIMATES THAT MAY HAVE BEEN DEVELOPED [] RECOMMENDATIONS TO REDUCE ELECTRICAL (OR OTHER FUEL)
EARLIER. THIS CHAPTER DISCUSSES THE VALUE OF AN ENERGY AUDIT DEMAND COSTS
AND PROVIDES GUIDELINES FOR SELECTING ENERGY AUDIT AND RE-
VIEW TEAMS. IT ALSO OFFERS POINTERS ON IDENTIFYING POTENTIAL 0 ESTIMATED COSTS OF ENERGY EFFICIENCY MEASURES
ENERGY EFFICIENCY MEASURES, DISCUSSES THE INTEGRATION OF VARI-
OUS MEASURES, AND OFFERS SUGGESTIONS FOR PRIORITIZING THE 0 PROJECTED ANNUAL ENERGY AND COST SAVINGS
IMPLEMENTATION OF MEASURES IN YOUR PLAN.
{ AVAILABLE FINANCIAL OR OTHER SUPPORT FROM THE UTILITY (OR

OTHERS) FOR SPECIFIC MEASURES

EvALUATING INDIviDUAL Buitoivgs 3T
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CONSIDER CARE-
FULLY THE NEW
MIX OF SKILLS
NEEDED FOR THIS
PHASE OF YOUR
PROGRAM.

0 RECOMMENDATIONS ON FURTHER ANALYSIS NEEDED

ALTHOUGH DOCUMENTS DESCRIBING ENERGY AUDITS ARE NOTED AT
THE END OF THIS CHAPTER, YOUR STATE ENERGY OFFICE AND LOCAL
UTILITIES ARE LIKELY TO BE VALUABLE SOURCES OF INFORMATION ON
THE PROCEDURES USED FOR ENERGY AUDITS IN YOUR AREA. YOU

MAY ALSO FIND IT HELPFUL TO LEARN ABOUT APPROACHES USED
LOCALLY FOR THE INSTITUTIONAL CONSERVATION PROGRAM (ICP OR
ScHooOLS AND HOSPITALS PROGRAM), CONDUCTED UNDER THE AUS-
PICES OF THE NATIONAL ENERGY CONSERVATION PoLicy AcT (PuBLIC
LAw 95-619).

KEEP IN MIND THAT YOUR EFFORTS SHOULD PROCEED AS QUICKLY AS
POSSIBLE FROM THE IDENTIFICATION OF SPECIFIC MEASURES TO AC-
TUAL INSTALLATION OF THE RETROFITS. YOU WILL FIND THAT THE INFOR-

MATION IN THE ENERGY AUDIT STUDY GOES OUT OF DATE QUICKLY.

Assembling Your Energy
Audit and Review Teams

PERSONNEL SKILLED AT CONDUCTING ENERGY AUDITS OF BUILDINGS
ARE AN IMPORTANT RESOURCE FOR DETERMINING THE SPECIFIC RENO-
VATIONS TO BE PLANNED FOR INDIVIDUAL BUILDINGS. WHEN
CHOOSING THE ENERGY AUDIT ANALYST OR TEAM, PREVIOUS EXPERI-
ENCE SHOULD BE CONSIDERED. THE FOLLOWING ARE SOME IMPOR-
TANT FACTORS FOR CONSIDERATION:

88 FvavarnivG InbivipuaL BuiLbinGs

KNOWLEDGE OF COSTS FOR ENERGY RENOVATIONS. ALTHOUGH
INITIAL ESTIMATES OF COSTS FOR ENERGY RENOVATIONS MAY
HAVE BEEN PREPARED FOR THE ACTION PLAN, CONFIRMATION
OF ESTIMATED COSTS IS CRITICAL DURING THE INDIVIDUAL
BUILDING STUDIES, PARTICULARLY AS CAPITAL BUDGET ALLOCA-
TIONS WILL HAVE TO BE MADE BASED ON THESE COST ESTI-
MATES.

SKILL AT EVALUATING THE TYPE OF BUILDING. DIFFERENT TYPES
OF BUILDINGS MAY REQUIRE DIFFERENT SKILLS AND AP-
PROACHES. FOR EXAMPLE, ENERGY RETROFITS ARE SOME-
TIMES PERFORMED IN STAGES, WITH LIGHTING RETROFITS PER-
FORMED FIRST AND OTHER RETROFITS LATER. IF YOU ARE DOING
LIGHTING FIRST, FIND AUDITORS WITH SKILL AND EXPERIENCE IN
LIGHTING RETROFITS. BUILDING SIZE CAN ALSO INTRODUCE
VARIATIONS: SMALL BUILDINGS MAY REQUIRE MORE CREATIVITY
IN DEVELOPING RENOVATIONS THAT MATCH BUILDING FUNC-
TION, WHILE LARGE BUILDINGS MAY BE MORE “GENERIC” IN
THEIR REQUIREMENTS FOR SOME BASIC ENERGY-SAVING MEA-
SURES (SUCH AS LIGHTING).

SKILL AT PERFORMING ENERGY SURVEYS. KNOWLEDGE OF THE
ENERGY SYSTEMS BEING CONSIDERED FOR RENOVATION AND
KNOWLEDGE OF SYSTEM INTERACTIONS ARE IMPORTANT. EXx-
PERIENCE WITH THIS TYPE OF WORK SHOULD BE CAREFULLY
CONSIDERED.

EXPERIENCE WITH EVALUATION OF BENEFITS. THE ENERGY AU-
DIT TEAM SHOULD BE ABLE TO ASSESS BOTH ENERGY AND



COST BENEFITS. THE LATTER REQUIRES FAMILIARITY WITH LOCAL
UTILITY RATE SCHEDULES.

0 KNOWLEDGE OF LIFE CYCLE COSTING METHODS. IF YOUR PART-
NERSHIP WISHES SPECIFIC LIFE CYCLE COSTING METHODS TO
BE USED IN THE EVALUATION OF ECONOMIC BENEFITS, THE
AUDIT TEAM SHOULD BE CAPABLE OF PRODUCING RESULTS
THAT SATISFY YOUR REQUIREMENTS.

IN ADDITION TO THE TEAM SELECTED TO PERFORM THE ACTUAL EN-
ERGY AUDITS, SERIOUS CONSIDERATION MUST BE GIVEN TO SELECTING
A REVIEW TEAM. THIS TEAM IS COMPOSED OF INDEPENDENT
ENERGY AUDIT EXPERTS AND MEMBERS OF YOUR PARTNERSHIP TO
HELP GUIDE THE ENERGY AUDITS AND PERFORM THE FOLLOWING
FUNCTIONS:

0 DEVELOP THE MOST USEFUL ENERGY AUDIT REPORTING FOR-
MAT (SEE CHAPTER 8 FOR REBUILD AMERICA REPORTING RE-

QUIREMENTS).

0 PROVIDE INITIAL ASSESSMENT OF THE CALIBER OF AUDITS BE-
ING PERFORMED.

0 PERFORM BASIC QUALITY CONTROL CHECKS ON METHODS
USED FOR THE AUDITS.

0 PERFORM QUALITY CONTROL CHECKS ON AUDIT RESULTS.

Rebuild America

A MAJOR QUALITY CONTROL ISSUE THAT SHOULD BE ADDRESSED BY
THE REVIEW TEAM IS THE SPECIFIC ASSUMPTIONS TO BE USED IN
HANDLING UTILITY RATE SCHEDULES AND IN ESTIMATING THE UTILITY
COST REDUCTIONS (OR INCREASES) DUE TO ENERGY EFFICIENCY MEA-
SURES. ALSO, IF THE AUDITS ARE PERFORMED BY MORE THAN ONE
AUDIT TEAM, THE REVIEW TEAM SHOULD BE RESPONSIBLE FOR AS-
SURING THE CONSISTENCY OF RESULTS AND METHODS AMONG AUDIT
TEAMS. INITIALLY, THE REVIEW TEAM SHOULD PROVIDE SIGNIFICANT
SUPPORT, BUT AS THE ENERGY AUDITS PROCEED, ITS ROLE SHOULD BE
REDUCED TO THAT OF MAINTAINING QUALITY CONTROL.

THE QUALITY OF YOUR ENERGY AUDITS CAN BE ENHANCED BY USING
THE MOST QUALIFIED ENERGY AUDIT CONSULTANTS AND REVIEWERS.
AS MENTIONED ABOVE, THE MORE EXPERIENCED MEMBERS OF
YOUR PARTNERSHIP SHOULD SERVE ON THE REVIEW TEAM ALONG
WITH HIRED AUDIT EXPERTS. QUALIFIED EXPERTS AND ENERGY AUDIT
TEAM(S) CAN BE FOUND THROUGH YOUR LOCAL UTILITIES, GOVERN-
MENT ENERGY AGENCIES, ARCHITECT/ENGINEERING FIRMS, AND
LOCAL BUSINESS DIRECTORIES. AS ALWAYS, USING LOCAL OR REGIONAL
CONSULTANTS WHENEVER POSSIBLE WILL CONTRIBUTE TO A STRONGER
ECONOMY IN YOUR COMMUNITY.

ALTHOUGH MUCH CAN BE LEARNED BY REVIEWING THE AVAILABLE
LITERATURE ON ENERGY AUDITS, DUE TO THE COMPLEXITY OF THE
TASKS, YOU WILL STILL WANT TO RELY ON KNOWLEDGEABLE TEAMS OF
BOTH AUDITORS AND REVIEWERS TO PERFORM YOUR AUDITS. THE
PEOPLE OPERATING AND INHABITING BUILDINGS AND THE ENERGY
FEATURES OF BUILDINGS INTERACT IN VARIOUS WAYS TO AFFECT EN-
ERGY USE. SOME SYSTEMS, ESPECIALLY CONTROL SYSTEMS, HAVE

EVALUATING INDIVIDUAL BUILDINGS
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COMPLICATED FEATURES AND MODES OF OPERATION, ALTHOUGH
SOME BUILDINGS ARE MORE STRAIGHTFORWARD THAN OTHERS. SIMI-
LARLY, SOME ENERGY EFFICIENCY MEASURES REQUIRE MORE EXPER-
TISE THAN OTHERS TO IMPLEMENT EFFECTIVELY. FOR THIS REASON,
THE ENERGY AUDIT PROCESS SHOULD BE UNDERTAKEN IN STAGES
THAT MOVE METHODICALLY FROM THE SIMPLE TO THE COMPLEX.

ldentifying Fotential
Energy Efficiency
Measures

ONCE THE KEY ENERGY PROBLEMS OF A BUILDING HAVE BEEN
IDENTIFIED THROUGH THE ENERGY AUDIT, THE NEXT TASK IS TO SELECT
THE MOST COST-EFFECTIVE MEASURE OR COMBINATION OF MEA-
SURES TO CORRECT THOSE PROBLEMS. CERTAIN ENERGY EFFICIENCY
MEASURES TEND TO BE IMPLEMENTED MORE FREQUENTLY THAN
OTHERS SINCE THEY OFFER SUBSTANTIAL ENERGY SAVINGS, RAPID
PAYBACKS, LOW COSTS, AND EASY IMPLEMENTATION. TABLE 7 LISTS
THE MOST COMMON ENERGY CONSERVATION OPTIONS IN FOUR PRI-
MARY BUILDING AND EQUIPMENT AREAS. ALTHOUGH LOAD MAN-
AGEMENT IS A COMMON RETROFIT STRATEGY IN BUILDINGS, IT IS NOT
ALWAYS AN ENERGY SAVER AND IS MOSTLY UNDERTAKEN TO REDUCE
ELECTRICITY DEMAND AND ITS ASSOCIATED COST. AS THE EXISTING
RETROFIT AND EQUIPMENT TECHNOLOGIES IMPROVE, AND AS NEW
TECHNOLOGIES EMERGE, THE TYPES AND INSTALLATION FREQUENCIES
OF VARIOUS RETROFIT MEASURES WILL CERTAINLY CHANGE.

00 AvaLuaTinG INDIVIDUAL BUILDINGS

ENERGY SAVINGS OPPORTUNITIES CAN BE FOUND IN NUMEROUS AR-
EAS OF ANY BUILDING. THE AREAS DISCUSSED BELOW INCLUDE THE
BUILDING SHELL OR ENVELOPE, LIGHTING, MECHANICAL SYSTEMS,
DISTRICT HEATING AND COOLING, AND OPERATION AND MAINTE-
NANCE MEASURES.

Building Shell

ABUILDING’S SHELL CONSISTS OF ITS EXTERIOR WALLS, ROOF, FOUNDA-
TION, DOORS, WINDOWS, SKYLIGHTS, DAMPERS, AND OTHER OPEN-
INGS. ENERGY EFFICIENCY IMPROVEMENTS TO THE SHELL TYPICALLY
INCLUDE THE ADDITION OF INSULATION TO WALLS, FLOORS, ATTICS,
AND/OR CEILINGS; WINDOW UPGRADES OR TREATMENTS; AND SHELL
“TIGHTENING” MEASURES TO REDUCE AIR INFILTRATION AND
EXFILTRATION. SHELL IMPROVEMENTS ARE MOST CRITICAL FOR THOSE
BUILDINGS THAT HAVE LARGE EXTERIOR SURFACE AREAS RELATIVE TO
THEIR INTERNAL VOLUMES. THESE BUILDINGS ARE PRIMARILY “SHELL-
DRIVEN,” MEANING THAT OUTDOOR CONDITIONS ARE USUALLY THE
PRIMARY DETERMINANT OF THEIR ENERGY USE. SUBSTANTIALLY
HIGHER ENERGY BILLS IN THE WINTER AND SUMMER USUALLY INDICATE
STRONG WEATHER DEPENDENCE. SHELL INSULATION IS OFTEN HIGHLY
COST EFFECTIVE FOR THESE BUILDINGS. THE LOWER THE LEVEL OF EX-
ISTING INSULATION, THE MORE COST EFFECTIVE IT WILL BE TO ADD
INSULATION. WHERE THE RATIO OF SHELL AREA TO INTERIOR VOLUME IS
SMALL (TALLER BUILDINGS WITH LARGE INTERIOR VOLUMES), INTERNAL
LOADS DOMINATE. [N SUCH CASES, SHELL IMPROVEMENTS HAVE
MORE LIMITED BENEFITS, AND THOSE ARE LARGELY RESTRICTED TO
SPACES ADJACENT TO THE EXTERNAL SKIN OF THE BUILDING.



TABLE 7. COMMON ENERGY EFFICIENCY MEASURES IN RETROFITTED COMMERCIAL BUILDINGS (PERCENTAGE OF RETROFITTED BUILDINGS)

LIGHTING

HIGH-EFFICIENCY FLUORESCENT BALLASTS (62%)
HIGH-EFFICIENCY FLUORESCENT FIXTURES (50%)
HIGH-EFFICIENCY FLUORESCENT LAMPS (47%)
PROGRAMMABLE EXTERIOR LIGHTING (44%)
TASK LIGHTING (32%)

PL/SL-TYPE FLUORESCENT LAMPS (29%)
METAL HALIDE LAMPS (29%)

SHELL

VESTIBULES (71%)

THERMAL BREAK WINDOWS (68%)
INCREASED WALL INSULATION (41%)
INCREASED ROOF INSULATION (38%)
LOW-EMITTANCE GLAZING (26%)

MECHANICAL SYSTEMS

VARIABLE-AIR-VOLUME SYSTEM (78%)
AIR ECONOMIZER (59%)
HIGH-EFFICIENCY MOTORS (47%)
POINT-OF-USE WATER HEATERS (35%)
OPTIMIZED MOTOR SIZING (32%)

LoAD MANAGEMENT

EMCS PROGRAMMABLE THERMOSTATS (50%)
CURTAILABLE-LOAD WIRING (29%)

SOURCE: AMERICAN CONSULTING ENGINEERS CounciL (ACEC 1990).

WINDOW TREATMENTS (SHADING, FILMS, SCREENS, ETC.) CAN BE
VERY BENEFICIAL FOR BUILDINGS WITH LARGE GLASS AREAS FACING
EITHER SOUTH OR WEST. IN THE SUMMER, ESPECIALLY IN SOUTHERN
CLIMATES, SOLAR GAINS THROUGH WINDOWS CAN DRAMATICALLY
INCREASE BUILDING ENERGY USE FOR COOLING. WINDOW TREAT-
MENTS TO REDUCE SOLAR GAINS CAN PAY OFF RAPIDLY, BUT THIS DE-
PENDS ON THE TREATMENT METHOD USED. THE INSTALLATION OF
MORE EFFICIENT REPLACEMENT WINDOWS IS OFTEN TOO EXPENSIVE
AN OPTION TO PAY FOR ITSELF THROUGH AVOIDED ENERGY COSTS.
THE EXCEPTION IS BUILDINGS WITH LARGE, SOUTH- AND WEST-FACING
GLAZING AREAS COVERING PERHAPS 50% OR MORE OF THE WALL

SPACE. IN SUCH BUILDINGS, THE REPLACEMENT OF CLEAR WIN-
DOWS MAY BE COST-JUSTIFIED SINCE LARGE SOLAR GAINS THROUGH
WINDOWS CAN ACCOUNT FOR 25% OR MORE OF THE COOLING LOAD.
RECENT RESEARCH, ALTHOUGH LIMITED, DOES SHOW THAT REPLACE-
MENT WINDOWS FOR TALL, MULTIFAMILY BUILDINGS CAN PROVIDE
SUBSTANTIAL ENERGY SAVINGS IF THE EXISTING WINDOWS ARE IN
POOR CONDITION (ABRAHAM, ET AL. 1995).

AIR SEALING TO MINIMIZE AIR INFILTRATION CAN ALSO BE VERY COST
EFFECTIVE (ESPECIALLY IN TALLER BUILDINGS). IT IS IMPORTANT TO
FIND AND CONCENTRATE AIR SEALING EFFORTS ON THE MAJOR

Rebuild America
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SOURCES OF AIR LEAKAGE INTO A BUILDING, SINCE THEY CAN EASILY
ACCOUNT FOR A LARGE PERCENTAGE OF THE AIR INFILTRATION. BE-
CAUSE MECHANICAL VENTILATION SYSTEMS FOR MOST LARGER BUILD-
INGS ARE DESIGNED TO BRING IN OUTDOOR AIR, MANY BUILDINGS
OPERATE UNDER A SLIGHT POSITIVE PRESSURE AND, AS A RESULT, AIR
LEAKAGE INTO THE BUILDING IS NOT A CONCERN. |F MECHANICAL
VENTILATION IS NOT USED, AIR INFILTRATION WILL LIKELY BE UNCON-
TROLLED AND CAN RESULT IN SIGNIFICANTLY HIGHER ENERGY USE.
WHERE HIGH HUMIDITIES ARE PRESENT, UNCONTROLLED AIR INFIL-
TRATION CAN BE AN EVEN GREATER CONCERN BECAUSE MOIS-
TURE CAN MOVE THROUGH BUILDING CAVITIES, WHERE IT CAN BE
DETRIMENTAL TO THE BUILDING’S STRUCTURAL COMPONENTS AND
MATERIALS.

SMALLER COMMERCIAL BUILDINGS SOMETIMES USE UNCONDITIONED
ATTIC SPACE AS THE RETURN AIR PATH TO THE HEATING OR COOLING
SYSTEM. SUCH ROUTING OF RETURN AIR CAN LEAD TO SUBSTANTIAL AIR
INFILTRATION, SINCE RETURN AIR PLENUMS ARE DEPRESSURIZED AND
WILL SUCK IN SURROUNDING OUTSIDE AIR IF NOT SEALED. IN THESE
SITUATIONS, ATTIC SURFACES THAT HAVE CONNECTION PATHS TO THE
OUTDOORS SHOULD BE SEALED (INCLUDING AROUND ALL PIPES AND
OTHER PENETRATIONS) TO PREVENT UNNECESSARY AIR INFILTRATION.
SOME LOCAL CODES, HOWEVER, REQUIRE ATTICS TO BE VENTILATED.
IF THIS IS THE CASE, ENSURE THAT CONNECTION PATHS BETWEEN
VENTS AND RETURN AIR PLENUMS ARE MINIMIZED OR, PREFERABLY,
ELIMINATED. FOR FLAT, UNVENTILATED ROOF SPACES, THE ADDITION
OF RIGID INSULATION (MOST COST-EFFECTIVE DURING A MAJOR RE-
ROOFING) CAN HELP MAINTAIN RETURN AIR TEMPERATURES, THUS
SAVING ENERGY.

02 AvALUATING INDIVIDUAL BUILDINGS

Lighting

THERE ARE SEVERAL IMPORTANT POINTS TO REMEMBER WHEN
WORKING TO IMPROVE LIGHTING ENERGY EFFICIENCY: 1) DO NOT
OVER ILLUMINATE; 2) USE EFFICIENT FIXTURES, LAMPS, AND BALLASTS;
AND 3) CONTROL LIGHTING EFFICIENTLY AND KEEP FIXTURES AND
LAMPS CLEAN. LIGHTING LEVELS SHOULD BE TAILORED TO THE TYPE
OF TASK BEING PERFORMED AND THE FUNCTION OF THE ILLUMI-
NATED SPACE. APPROPRIATE LIGHTING POWER LEVELS FOR THREE
SIZE RANGES OF NEW BUILDINGS ARE PRESENTED IN TABLE 8. THESE
LEVELS WERE ESTABLISHED BY THE U.S. DEPARTMENT OF ENERGY

TABLE 8. ALLOWABLE LIGHTING POWER DENSITIES (W/FT?)

BUILDING TYPE/ GROSS LIGHTED AREA RANGE
AREA (INTHOUSAND FT?)
FUNCTION 10-25 25-50 50-250

OFFICES 1.27 1.22 1.16
RETAIL 2.32 2.05 1.87
SERVICE 1.78 1.65 1.54
ELEMENTARY

ScHooLs 1.27 1.22 1.16
HigH ScHooLs 1.39 1.35 1.30
WAREHOUSE 0.42 0.36 0.32

SOURCE: 1994 VOLUNTARY PERFORMANCE STANDARDS,
U.S. DEPARTMENT OF ENERGY.



(DOE) AS VOLUNTARY PERFORMANCE STANDARDS (MANDATORY FOR
FEDERAL BUILDINGS) IN 1994. THE CURRENT ASHRAE STANDARD
(ASHRAE/IES 90.1) FOR ENERGY-EFFICIENT DESIGN IN NEW BUILDINGS
IS OVER FIVE YEARS OLD. BECAUSE LIGHTING TECHNOLOGY HAS
CHANGED RAPIDLY, THE ASHRAE STANDARD ALLOWS CONSIDERABLY
HIGHER LIGHTING LEVELS (EQUAL TO 1988 DOE STANDARDS).

TO INCREASE LOCAL LIGHTING LEVELS, TASK LIGHTING SHOULD BE CON-
SIDERED AS AN ALTERNATIVE TO BOOSTING LIGHTING LEVELS ACROSS
LARGE AREAS. LIGHTING LEVELS CAN BE SURVEYED WITH INEXPEN-
SIVE LIGHT METERS BUT THE METERS MUST BE ACCURATE AND THEY
MUST BE USED CORRECTLY TO OBTAIN ACCURATE READINGS. LIGHT-
ING LEVELS SHOULD BE AROUND 50 FOOT-CANDLES AT THE WORK SUR-
FACES IN OFFICES. IN BUILDINGS USING 4-TUBE, 2-BALLAST, FLUORES-
CENT LIGHTING FIXTURES, IT IS NOT UNUSUAL TO FIND THAT LIGHTING LEV-
ELS ARE MORE THAN TWICE WHAT IS NEEDED—120 FOOT-CANDLES
OR MORE.

LIGHTING SURVEYS CAN SOME-

Rebuild America
WITH THE USE OF EFFICIENT LAMPS AND BALLASTS, ADEQUATE OF-

FICE LIGHTING CAN TYPICALLY BE OBTAINED AT AN ENERGY LEVEL OF
LESS THAN 1 W/FT2 LIGHTING ENERGY LEVELS CAN BE ESTIMATED IN
W/FT2 BY SUMMING THE RATED WATTAGES SPECIFIED ON THE IN-
STALLED LAMPS AND BALLASTS AND THEN DIVIDING BY THE AREA OF
THE SPACE. GENERALLY, BUILDING SPACES WITH APPROPRIATE
LIGHTING LEVELS CAN REDUCE THEIR FLUORESCENT LIGHTING ENERGY
USE BY AROUND 25% WITH CONVERSION TO HIGHER-EFFICIENCY
LAMPS AND ELECTRONIC BALLASTS. IN SPACES THAT ARE HIGHLY
OVERLIT, 3 W/FT?> OR MORE, REDUCTIONS EXCEEDING 60% CAN OF-
TEN BE OBTAINED.

DIFFERENT TYPES OF LIGHTING ARE APPROPRIATE FOR DIFFERENT KINDS
OF SPACES. THE TYPE OF LIGHTING USED DETERMINES ACHIEVABLE
EFFICIENCIES, COLOR RENDITIONING ABILITY, LAMP LIFE, AND OTHER
IMPORTANT CHARACTERISTICS UNIQUE TO SPECIFIC LIGHTING TYPES.

TABLE 9. AVERAGE PAYBACK PERIODS FOR LIGHTING UPGRADES

TIMES ENABLE YOU TO DE-
CREASE INSTALLED CAPACITY BY

50%, AND SINCE THERE IS LITTLE
OR NO CAPITAL INVOLVED, THIS
MEASURE CAN PAY OFF RAPIDLY.
AVERAGE PAYBACK PERIODS
FOR TYPICAL LIGHTING UPGRADES
ARE PRESENTED IN TABLE 9.

LIGHTING UPGRADE SRS [ERE S

(YEARS)
COMPACT FLUORESCENT REPLACING INCANDESCENT 1.1-23
HIGH-EFFICIENCY FLUORESCENT LAMP REPLACING STANDARD 40W 0.5-1.2
HIGH-EFFICIENCY MAGNETIC BALLAST REPLACING STANDARD MAGNETIC 1.4-28
ELECTRONIC BALLAST REPLACING STANDARD MAGNETIC 3.9-8.0
DAYLIGHTING CONTROLS 1.6 -9.6
OCCUPANCY SENSORS 1.3-54

NOTE: BASED ON 3,500 HRS/YR OPERATION, ELECTRICITY AT $0.07/KWH

SOURCE:

COMMERCIAL BUILDING EQUIPMENT EFFICIENCY: A STATE-OF-THE-ART REVIEw (GELLER 1988).
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IN SOME CASES, REQUIREMENTS FOR ANY ONE OF THESE CHARACTER-
ISTICS CAN DICTATE THE MOST APPROPRIATE TYPE OF LIGHTING FOR A
SPACE. POPULAR LIGHTING TYPES AND THEIR EFFICIENCY RANGES
ARE SHOWN IN FIGURE 8.

VARIOUS METHODS ARE AVAILABLE TO IMPROVE LIGHTING CONTROL
AND PERFORMANCE. SUBDIVIDING A LIGHTING SYSTEM WITH MUL-
TIPLE SWITCHES ALLOWS MINIMAL LIGHTING USE DURING UNOCCU-
PIED PERIODS OR PERIODS OF LOW OCCUPANCY. TIME CLOCKS,
OCCUPANCY SENSORS, AND DIMMING CONTROLS ARE ALSO POPULAR
METHODS FOR REDUCING LIGHTING ENERGY USE. IN ADDITION, REGU-

120

100 |
50 [ l
]

40

Light Level (lumens/watt)

20 |

o 1 1 1 1 1 1
Incandescent ~ Mercury Compact  Fluorescent Metal Sodium

Fluorescent Halide Hi-Press

Lighting Type

SOURCE: ADVANCED LIGHTING GUIDELINES 1993 (DOE 1993).

FIGURE 8. EFFICIENCY RANGES OF POPULAR LIGHTING TYPES
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LAR MAINTENANCE AND CLEANING OF LIGHT FIXTURES AND LAMPS
WILL INCREASE LIGHTING PERFORMANCE AND LAMP LIFE.

LIGHTING ENERGY USE IS HIGHLY DEPENDENT ON TIME OF USE, AND
THEREFORE, LIGHTING RETROFIT SAVINGS CAN BE MORE DIFFICULT TO
PREDICT IN MULTIFAMILY BUILDINGS THAN IN COMMERCIAL OFFICE
BUILDINGS. THE COSTS OF IMPROVEMENTS TO LIGHTING ENERGY EFFI-
CIENCY ARE EASIEST TO JUSTIFY IN AREAS WHERE LIGHTING IS USED
THE MOST. EXTERIOR LIGHTING, CORRIDORS AND HALLWAYS, KITCHENS,
FAMILY ROOMS, AND OTHER FREQUENTLY OCCUPIED AREAS ARE
PRIME CANDIDATES.

Mechanical Systems

OPPORTUNITIES FOR MECHANICAL SYSTEM RETROFITS TO HEATING,
VENTILATING, AND AIR CONDITIONING (HVAC) SYSTEMS ARE NUMER-
OUS AND VARIED DUE TO THE WIDE ASSORTMENT OF HEATING AND
COOLING SYSTEMS AND SUPPORTING EQUIPMENT USED IN BUILD-
INGS. UNLIKE MANY LIGHTING RETROFITS, IT CAN BE DIFFICULT TO DE-
TERMINE THE ENERGY SAVINGS THAT RESULT FROM MECHANICAL SYS-
TEM RETROFITS OR REPLACEMENTS. SAVINGS ARE OFTEN HIGHLY DE-
PENDENT ON BOTH THE WEATHER AND THE EFFICIENCY OF THE EX-
ISTING SYSTEM (WHICH CAN BE CHALLENGING TO MEASURE). IF THE
EFFICIENCY OR PERFORMANCE OF AN EXISTING SYSTEM CAN BE RELI-
ABLY DETERMINED, HOWEVER, EFFICIENCY GAINS FROM RETROFIT OR
SYSTEM REPLACEMENT CAN OFTEN BE ESTIMATED ACCURATELY. IF
THE ANNUAL ENERGY USE OF A MECHANICAL SYSTEM CAN BE
QUANTIFIED, IT CAN BE USED WITH THE EFFICIENCY CHANGE TO



ESTIMATE ANNUAL ENERGY SAVINGS FOR A COST ANALYSIS. NUMER-
OUS PUBLICATIONS AND SOFTWARE PACKAGES ARE AVAILABLE TO
ASSIST IN IDENTIFYING HVAC MEASURES AND QUANTIFYING THEIR
BENEFITS (ANDREWS ET AL. 1986, HIRST 1986, MECKLER 1994, TAPLIN
1991, THUMANN 1991, USIBELLI ET AL. 1985, VAILLENCOURT 1994,
WENDES 1994, WILLIAMS 1991). SOME OF THE MORE POPULAR
HVAC RETROFITS ARE DISCUSSED BELOW.

COMMON RETROFITS FOR MAXIMIZING MECHANICAL SYSTEM EFFI-
CIENCIES INCLUDE 1) OPERATION AND MAINTENANCE (O&M), 2)
CONTROL SYSTEM IMPROVEMENTS, 3) VENTILATION AND DISTRIBUTION
SYSTEM IMPROVEMENTS, 4) REPLACEMENT OF EXISTING EQUIP-
MENT WITH HIGHER-EFFICIENCY EQUIPMENT, AND 5) IMPROVE-
MENTS TO EXISTING EQUIPMENT.

OPERATION AND MAINTENANCE. O&IM RESOURCES ARE THE MOST
COMMON RETROFITS IMPLEMENTED IN EXISTING COMMERCIAL
BUILDINGS. THE LAWRENCE BERKELEY LABORATORY HAS COMPILED
A BUILDING ENERGY AND COMPILATION ANALYSIS DATABASE
(kNOWN ASs BECA) THAT CONTAINS INFORMATION ON RETROFITS OF
292 COMMERCIAL BUILDINGS. [N THESE BUILDINGS, ENERGY SAV-
INGS AVERAGE 27%, AND THE AVERAGE PAYBACK IS 2.2 YEARS
(GARDINER ET AL. 1984). SIGNIFICANTLY, 66% OF THESE BUILDINGS
UNDERWENT O&M RETROFITS.

O&M-TYPE RETROFITS ARE POPULAR BECAUSE OPPORTUNITIES ARE
ABUNDANT AND THESE MEASURES OFFER SUBSTANTIAL REDUCTIONS
IN OPERATING COSTS, OFTEN FOR VERY LITTLE CAPITAL. SOME EX-
AMPLES OF O&M-TYPE RETROFITS WOULD BE PERIODIC MAINTE-

NANCE TO KEEP A SYSTEM OPERATING EFFICIENTLY; STAGING OF
MULTIPLE HEATING OR COOLING SYSTEMS TO IMPROVE PART-LOAD
PERFORMANCE AND MINIMIZE OPERATING COSTS; AND THE USE OF
MANUAL CUTOFFS, TIME CLOCKS, OR SETBACK THERMOSTATS TO RE-
DUCE RUN-TIMES.

CONTROL SYSTEM IMPROVEMENTS. HVAC CONTROL SYSTEM RETRO-
FITS ARE ALSO COMMON. IN THE BECA DATABASE, HVAC CON-
TROL RETROFITS WERE INSTALLED IN 38% OF RETROFITTED COMMER-
CIAL BUILDINGS. THE POPULARITY OF THESE MEASURES IS BASED
ON THEIR POTENTIAL FOR RAPID PAYBACK. AS SHOWN IN TABLE
10, THE TEXAS LOANSTAR PROGRAM FOUND THAT THE MEDIAN
PAYBACKS FOR MANY CONTROL MEASURES WERE WELL UNDER 5

YEARS (SAMAN 1995).

Rebuild America

TABLE 10. PAYBACK OF CONTROL MEASURES IN THE TEXAS LOANSTAR PROGRAM

G NUMBER OF MEDIAN PAYBACK
PROJECTS (YEARS)
CHILLER/CHILLED-WATER CONTROLS 8 3
REPLACE/INSTALL EMS 24 3
HVAC coNTROLS 60 2
MOTOR CONTROLS 77 4
PumpP CONTROLS 11 1
STEAM CONTROLS 9 4

SOURCE: PROCEEDINGS OF THE 1995 ASME//SME/JSES INTERNATIONAL SOLAR ENERGY

CONFERENCE (SAMAN 1995).
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VENTILATION AND DISTRIBUTION SYSTEM IMPROVEMENTS. VENTILA-
TION RETROFITS CAN BE MAJOR SAVERS OR WASTERS OF ENERGY
DEPENDING ON HOW THEY ARE MAINTAINED. ECONOMIZERS
ARE OFTEN THE MOST EFFECTIVE. THEY REDUCE COOLING ENERGY
USE BY BRINGING IN OUTDOOR AIR WHEN IT IS SUFFICIENT TO COOL
THE BUILDING INTERIOR. THE POTENTIAL ENERGY SAVINGS CAN BE
SUBSTANTIAL BECAUSE MANY LARGER BUILDINGS, EVEN IN NORTH-
ERN CLIMATES, OPERATE IN A COOLING MODE YEAR-ROUND DUE
TO INTERNAL HEAT GAINS FROM PEOPLE AND EQUIPMENT. [N
OFFICE BUILDINGS, COOLING ENERGY CONSUMPTION CAN BE RE-
DUCED BY 10 TO 50%. IF ECONOMIZERS FAIL, HOWEVER, AND GO
UNREPAIRED, THEY CAN BE MAJOR ENERGY WASTERS. DEPEND-
ING UPON THE VENT POSITION AT THE TIME OF FAILURE, THEY CAN
BRING IN LARGE AMOUNTS OF COLD, WARM, OR VERY HUMID AIR
DURING THE TIMES OF YEAR WHEN IT IS LEAST DESIRABLE.

IN DISTRIBUTION SYSTEMS, DISTRIBUTED STEAM OR HOT WATER
TEMPERATURES ARE OFTEN SIGNIFICANTLY HIGHER THAN NECESSARY
TO SUPPORT THE MAXIMUM LOAD ON THE SYSTEM, OFTEN RESULT-
ING IN EXCESSIVE AIR TEMPERATURES IN SOME AREAS OF THE
BUILDING. EXCESSIVE DISTRIBUTION MEDIA TEMPERATURES
CAUSE INCREASED ENERGY USE. IN MANY CASES, THE TEMPERA-
TURE OF THE DISTRIBUTION MEDIA CAN BE LOWERED SUBSTAN-
TIALLY, YET STILL MEET THE MAXIMUM LOAD ON THE SYSTEM.
SINCE THIS IS A RELATIVELY INEXPENSIVE MEASURE, RAPID
PAYBACKS CAN BE OBTAINED. [N LARGE HOT WATER DISTRIBU-
TION SYSTEMS, OPPORTUNITIES FOR REDUCING THE VOLUME OF
PUMPED WATER CAN ALSO SAVE ENERGY. CONVERSION OF CON-
STANT-AIR-VOLUME DISTRIBUTION SYSTEMS TO VARIABLE-AIR-VOL-
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UME HAS ATTRACTIVE PAYBACKS AND HAS ALSO RECENTLY IN-
CREASED IN POPULARITY.

EQUIPMENT REPLACEMENT. HVAC EQUIPMENT AT OR NEAR THE
END OF ITS USEFUL LIFE SHOULD BE CONSIDERED FOR REPLACEMENT
WITH EQUIPMENT THAT OPERATES EFFICIENTLY AT BOTH DESIGN
AND PART-LOAD OPERATING CONDITIONS. FOR EXAMPLE, MOST
OLDER BOILERS SELDOM OPERATE AT THEIR RATED OUTPUT. RE-
PLACEMENT OF SUCH BOILERS WITH SMALLER, HIGH-EFFICIENCY,
MODULAR (MULTIPLE) BOILERS CAN BOOST SEASONAL EFFICIENCIES
BY 5 TO 10% OR MORE. REPLACING EXISTING ELECTRIC RESIS-
TANCE HEATING SYSTEMS WITH HEAT PUMPS OR OTHER SYSTEMS
THAT ARE MORE EFFICIENT OR USE LOWER-COST FUEL CAN ALSO
PROVIDE SUBSTANTIAL ENERGY SAVINGS.

THE REPLACEMENT OF EXISTING COOLING EQUIPMENT WITH
HIGHER-EFFICIENCY EQUIPMENT CAN ALSO PROVIDE ATTRACTIVE
PAYBACKS. HIGH-EFFICIENCY, DIRECT-EXPANSION COOLING UNITS
(REFERRED TO AS PACKAGED OR SPLIT SYSTEMS) CAN BE TWICE AS
EFFICIENT AS OLDER SYSTEMS WITH STANDARD EFFICIENCIES (GELLER
1988). THE ENERGY EFFICIENCY RATIO (EER) OF THE NEW SYSTEM
DIVIDED BY THAT OF THE OLD YIELDS AN INDICATOR OF HOW
MUCH MORE EFFICIENT THE NEW SYSTEM WILL BE. HIGHER-EFFI-
CIENCY CHILLERS ALSO SIGNIFICANTLY OUTPERFORM OLDER SYSTEMS
AND MEET CURRENT U.S. (NON-CFC) REFRIGERANT REQUIREMENTS.
CHILLER COEFFICIENTS OF PERFORMANCE (COPS) CAN BE COM-
PARED AS AN INDICATOR OF POTENTIAL ENERGY EFFICIENCY GAINS.



DURING THE REPLACEMENT OR CONVERSION OF A CHILLER IS AN OP-
PORTUNE TIME FOR CONSIDERING UPGRADES TO ALL BUILDING EN-
ERGY SYSTEMS RELATED TO COOLING OR AFFECTING COOLING LOAD.
INSTALLATION OF EFFICIENCY CHILLER SYSTEMS RATHER THAN SIMPLE
CONVERSION OR REPLACEMENT WITH UNITS THAT MEET MINIMUM
EFFICIENCY CRITERIA CAN BE AN IMPORTANT ENERGY-SAVING UP-
GRADE.

REDUCING COOLING LOADS CAN ENABLE YOU TO “DOWNSIZE” YOUR
CHILLER, WHICH WILL SAVE ENERGY AND COSTS. COOLING LOADS CAN
BE REDUCED THROUGH HIGH-EFFICIENCY LIGHTING UPGRADES, BUILD-
ING SHELL IMPROVEMENTS, OR OTHER MEASURES. THE SAVINGS AS-
SOCIATED WITH PURCHASING A SMALLER CHILLER MAY ALLOW A
BUILDING OWNER TO BUY A MORE EFFICIENT MODEL. SAVINGS
FROM LIGHTING OR OTHER UPGRADES COULD ALSO BE USED TO HELP
OFFSET THE EXTRA COST FOR A MORE EFFICIENT REPLACEMENT CHILLER.
ANOTHER WAY TO REDUCE NEW CHILLER SIZE AND COST IS TO ALSO
INSTALL NEW, MORE EFFICIENT HVAC AUXILIARIES (E.G., EVAPORA-
TIVE COOLING TOWERS, COILS, VARIABLE-SPEED DRIVES). ALTERNA-
TIVELY, YOU CAN LOOK FOR WAYS TO IMPROVE THE EFFICIENCY AND
OPERATION OF AUXILIARY CHILLER COMPONENTS, INCLUDING DISTRIBU-
TION SYSTEMS.

EQUIPMENT IMPROVEMENTS. AS AN ALTERNATIVE TO REPLACING
EXISTING EQUIPMENT, THERE ARE NUMEROUS RETROFIT OPTIONS, IN-
CLUDING O&M MEASURES. FOR EXAMPLE, CAPTURING REJECTED
HEAT IS A RELATIVELY NEW RETROFIT APPROACH THAT IS CATCHING
ON QUICKLY DUE TO ATTRACTIVE ENERGY SAVINGS AND RAPID
PAYBACKS. FOR FOSSIL-FIRED HEATING SYSTEMS, HEAT CAN BE RE-

CAPTURED BY CONDENSING EXHAUST GASES (THIS CAPTURES MOST
OF THE HEAT THAT NORMALLY IS EXHAUSTED THROUGH THE FLUE).
HEAT RECOVERY FROM BUILDING EXHAUST AIR STREAMS IS ALSO BE-
COMING VERY POPULAR. THE RECOVERY IS ACCOMPLISHED THROUGH
HEAT EXCHANGER COILS, HEAT WHEELS, AND AIR-TO-AIR HEAT PIPES.
IN STEAM SYSTEMS, THE CAPTURE OF CONDENSATE RETURN IS ESSEN-
TIAL FOR EFFICIENT OPERATION.

District Heating and Cooling

DISTRICT HEATING AND COOLING (DHC) SYSTEMS SUPPLY ENERGY TO
ABOUT 10% OF COMMERCIAL FLOORSPACE IN THIS COUNTRY. CON-
NECTION TO THESE SYSTEMS IS AN OPTION FOR SUPPLYING HEATING
AND COOLING NEEDS TO SOME BUILDINGS. THE THERMAL ENERGY IS
GENERATED IN A CENTRAL PLANT AND IS PROVIDED TO THE CON-
SUMER THROUGH A NETWORK OF DISTRIBUTION PIPES. THIS ELIMI-
NATES THE NEED IN THE BUILDING FOR PRIMARY HEATING AND COOL-
ING EQUIPMENT, THE ASSOCIATED FLOORSPACE, AND THE EQUIP-
MENT OPERATORS. UP TO 50% PRIMARY FUEL (AND AIR EMISSION)
SAVINGS CAN BE REALIZED IF THE DHC THERMAL ENERGY IS PRO-
DUCED IN AN ELECTRICITY COGENERATION PLANT. THE COST OF CON-
STRUCTING AND MAINTAINING A DHC SYSTEM MUST BE BALANCED
AGAINST THE COST OF OWNING AND OPERATING INDIVIDUAL BUILD-
ING PRIMARY HEATING AND COOLING EQUIPMENT. BECAUSE OF
THIS, DHC SYSTEMS TEND TO BE LOCATED IN HIGH-ENERGY-USE,
HIGH-DENSITY URBAN AREAS AND MULTI-BUILDING FACILITIES (INCLUD-
ING EDUCATIONAL FACILITIES).

Rebuild America
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DHC SYSTEMS OFFER THE ADVANTAGE OF FUEL AND ENERGY RE-
SOURCE FLEXIBILITY, WHICH CAN PROVIDE GREATER RELIABILITY TO CUS-
TOMERS. TYPICAL COSTS OF HEATING ENERGY DELIVERED TO A BUILD-
ING CAN RANGE FROM $6-12 PER MILLION BTu. CONNECTION TO
DISTRICT COOLING SYSTEMS MAY BE DESIRABLE DURING A BUILDING
REHABILITATION, SINCE THE EXISTING CFC CHILLERS MUST EITHER BE
REPLACED OR RETROFITTED IN NON-CFC REFRIGERANTS. TYPICAL CON-
NECTION CHARGE TO A CENTRAL CHILLED WATER SYSTEMS IS ABOUT
$90 PER TON COOLING CAPACITY, WHICH IS ABOUT 10% OF THE
INSTALLED COST OF A WATER CHILLER. TYPICAL COSTS OF CHILLED WA-
TER DELIVERED TO A BUILDING CAN RANGE FROM $12-25 PER MILLION
BTu. CENTRAL COOLING SYSTEMS ARE WELL SUITED FOR CONTROLLING
REFRIGERANT EMISSIONS AND CAN COST-EFFECTIVELY PRODUCE
CHILLED WATER USING TECHNOLOGIES THAT DO NOT USE OZONE-
DEPLETING REFRIGERANTS. DHC SYSTEMS CAN ALSO PROVIDE A
GREATER RELIABILITY BY HAVING A DIVERSITY OF CONSUMER LOADS,
STANDBY CENTRAL PLANT EQUIPMENT, AND A FULL TIME OPERATING
STAFF. IN ADDITION, THESE SYSTEMS CAN HELP BALANCE THE PEAKS
AND VALLEYS OF ELECTRIC AND THERMAL DEMANDS THROUGH THE
USE OF THERMAL STORAGE AND NON-ELECTRIC CHILLERS.

A NUMBER OF MEASURES CAN BE TAKEN TO INCREASE THE EN-
ERGY EFFICIENCY OF EXISTING DHC SYSTEMS. HOWEVER, IT
SHOULD BE REMEMBERED THAT DHC SYSTEMS ARE CAPITAL IN-
TENSIVE, AND THE ENERGY SAVINGS COST REDUCTION MUST BAL-
ANCE AGAINST THE COST OF THE MEASURES. MANY OF THE
MEASURES COULD BECOME ATTRACTIVE WHEN THE EXISTING SYS-
TEM NEEDS REPAIR OR EXPANSION.
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CHANGING THE EXISTING CENTRAL ENERGY SOURCE TO A COGENERA-
TION PLANT LEADS TO FUEL AND EMISSION SAVINGS, AS STATED
ABOVE. THERMAL LOSSES FROM THE HEAT DISTRIBUTION NETWORK
CAN BE REDUCED BY LOWERING THE NETWORK OPERATING TEM-
PERATURE. LEAKS AND PIPE INSULATION FAILURE ALSO REDUCE THE
EFFICIENCY OF THE DISTRIBUTION NETWORK. FOR STEAM AND HOT
WATER SYSTEMS WITH TEMPERATURES ABOVE 250 DEGREES FAHR-
ENHEIT, RELOCATING THE DISTRIBUTION PIPES TO DRY AREAS, SUCH AS
TUNNELS OR SHALLOW TRENCHES, CAN REDUCE PIPE AND INSULATION
FAILURES. USE OF HOT WATER SYSTEMS WITH TEMPERATURES BELOW
250 DEGREES FAHRENHEIT HAS MANY ADVANTAGES AND SHOULD
BE CONSIDERED WHEN REPLACING OR EXPANDING AN EXISTING
SYSTEM. STAGED, VARIABLE-SPEED PUMPS CAN GREATLY REDUCE
ELECTRICAL ENERGY CONSUMPTION IN HOT WATER AND CHILLED WA-
TER SYSTEMS, AND THEY CAN REDUCE THE CHILLER ENERGY REQUIRE-
MENTS IN CHILLED WATER SYSTEMS.

PLANNING FOR CONNECTION TO AN EXISTING OR A NEW DHC sys-
TEM WILL USUALLY REQUIRE LONG LEAD TIMES, PARTICULARLY FOR A
NEW DHC SYSTEM. THERE ARE MANY STAKEHOLDERS IN THIS UN-
DERTAKING, AMONG WHOM ARE THE SYSTEM DEVELOPER, THE
BUILDING OWNER OR MANAGER, THE GOVERNMENTS AND THEIR
REGULATORY AGENCIES, THE COMPETING UTILITIES, AND THE FINAN-
CIAL INSTITUTIONS. ALL STAKEHOLDERS MUST AGREE ON EXPECTED
CAPITAL COSTS AND ENERGY COSTS TO BE CHARGED TO THE USERS
BEFORE THE SYSTEM CONSTRUCTION ACTUALLY BEGINS.



Operatiome and Maintenance

IN SOME CASES, THE BEST RETROFIT MEASURE MAY BE TO INSTITUTE
A PREVENTIVE MAINTENANCE PROGRAM. ANY NUMBER OF SITUA-
TIONS MAY MAKE THIS MEASURE HIGHLY COST EFFECTIVE. SYSTEMS
MAY HAVE BEEN POORLY DESIGNED OR INSTALLED IMPROPERLY, OR
BUILDING USE MAY HAVE CHANGED OVER TIME DUE TO SHIFTS IN
OCCUPANTS OR ALTERATIONS TO THE STRUCTURE. BUILDING MANAG-
ERS AND OPERATORS ARE FACED WITH A VAST ARRAY OF DESIGNS,
COMPUTERIZED TECHNOLOGIES, INFORMATION SYSTEMS, ORGANIZA-
TIONAL CHANGES, AND MANAGEMENT ISSUES. BUDGETS ARE FRE-
QUENTLY TOO RESTRICTIVE TO ALLOW ADEQUATE DOCUMENTATION
OF PROCEDURES OR TRAINING OF STAFF, PARTICULARLY IN THE USE OF
COMPUTERIZED CONTROL SYSTEMS AND COMPUTERIZED MAINTE-
NANCE MANAGEMENT TOOLS. THE COLLECTION AND REPORTING OF
INFORMATION ABOUT CRITERIA, PERFORMANCE, AND RESULTS OF
PROPER OPERATION AND MAINTENANCE ARE OFTEN GIVEN LOW
PRIORITY, AND THE NECESSARY INFORMATION NEVER REACHES THE
DECISION-MAKERS.

FOR ANY OR ALL OF THESE REASONS, A BUILDING MAY NOT BE OPER-
ATING AS EFFICIENTLY AS DESIGNED. WHEN THE GAP BETWEEN
CURRENT OPERATIONS AND DESIGN IS SIGNIFICANT, SIMPLY BRINGING
A BUILDING UP TO DESIGN LEVEL MAY RESULT IN SIGNIFICANT ENERGY
SAVINGS. THE COST EFFECTIVENESS OF THIS APPROACH WILL DEPEND
UPON THE MEASURES REQUIRED TO MAKE THE NEEDED IMPROVE-
MENTS (HOW MUCH THEY AFFECT ENERGY USE AND HOW MUCH
THEY COST). SEVERAL HELPFUL DOCUMENTS ARE AVAILABLE TO
GUIDE YOU THROUGH THE PROCESS OF DEVELOPING A STRONG OP-

ERATION AND MAINTENANCE PROGRAM OR SCHEDULING PREVEN-
TIVE MAINTENANCE ACTIVITIES. A FEW REFERENCES ARE LISTED AT
THE END OF THIS CHAPTER (THUMANN, TAPLIN, ASHRAE 1995).

Integrating Measures

ONE APPROACH TO SELECTING ENERGY EFFICIENCY MEASURES IS
TO CONSIDER LOAD-, SYSTEM-, AND PLANT-LEVEL SAVINGS OPPOR-
TUNITIES IN STRICT PROGRESSION. PROPONENTS OF THIS APPROACH
CITE THE MULTIPLIER EFFECT THAT CAN BE ACHIEVED IF PLANT-
LEVEL EQUIPMENT CAN BE SIGNIFICANTLY DOWNSIZED AS A RE-
SULT OF REDUCED ENERGY REQUIREMENTS AT THE LOAD AND SYS-
TEMS LEVELS. REPLACEMENT CHILLERS AT THE PLANT LEVEL, FOR
EXAMPLE, COULD BE SIGNIFICANTLY DOWNSIZED IF THE
BUILDING’S THERMAL LOAD AND SYSTEM INEFFICIENCIES WERE
REDUCED. (|N COMMERCIAL BUILDINGS, FOR EXAMPLE, MORE
ENERGY-EFFICIENT OFFICE EQUIPMENT COULD LOWER THE LOAD
AND SIMULTANEOUSLY REDUCE COOLING REQUIREMENTS.) WHERE
CAPITAL IS LIMITED, HOWEVER, THIS APPROACH WILL NOT NECES-
SARILY ACHIEVE THE GREATEST ENERGY AND COST SAVINGS.

REGARDLESS OF THE PARTICULAR ENERGY EFFICIENCY MEASURES
AND BUILDING UPGRADES BEING CONSIDERED FOR YOUR STOCK, IT
IS ESSENTIAL THAT YOUR TEAM CONSIDER THE ENERGY USE IM-
PACTS ON THE ENTIRE BUILDING. IN IMPLEMENTING THE UP-
GRADE OF A SINGLE BUILDING COMPONENT, THE COMPONENT IS
OFTEN EVALUATED UPON ITS OWN MERITS, AND ITS IMPACTS ON
OTHER ENERGY END-USE LOADS ARE OVERLOOKED. THIS OMISSION

Rebuild America

CONSIDER
ENERGY USE
IMPACTS ON THE
ENTIRE BUILDING.
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CAN LEAD TO DISAPPOINTING OVERALL RESULTS. THE BUILDING, ITS
EQUIPMENT, AND OCCUPANTS ARE ALL MAJOR DETERMINANTS OF
ENERGY USE. IN ADDITION, THEY ALL INTERACT WITH AND CAN
STRONGLY INFLUENCE ONE ANOTHER. THUS, THE IMPACT ON THE
BUILDING AS A “SYSTEM” MUST BE ASSESSED FOR ANY INDIVIDUAL
OR COMBINATION OF UPGRADES.

TWO EXAMPLES WILL SERVE TO ILLUSTRATE HOW MAJOR INTERAC-
TIONS CAN OCCUR BETWEEN BUILDING COMPONENTS. THE FIRST
EXAMPLE EXAMINES POTENTIAL INTERACTIONS BETWEEN LIGHT-
ING IMPROVEMENTS AND MECHANICAL EQUIPMENT. LIGHTING
IMPROVEMENTS GENERALLY LOWER LIGHTING-GENERATED HEAT
WITHIN THE BUILDING. AS A RESULT, COOLING ENERGY USE WILL
TYPICALLY DECREASE AND HEATING ENERGY USE WILL INCREASE.
SINCE OVERALL COST BENEFITS ARE HIGHLY DEPENDENT ON HEAT-
ING AND COOLING SYSTEM EFFICIENCIES AND FUEL COSTS, DRA-
MATIC COST BENEFITS MIGHT OCCUR IN ONE BUILDING, WHILE
ANOTHER BUILDING WITH HIGH HEATING COSTS MIGHT ACHIEVE
ONLY HALF OF THE PREDICTED SAVINGS.

THE SECOND EXAMPLE CONCERNS THE INTERACTION BETWEEN
MECHANICAL SYSTEM UPGRADES AND IMPROVEMENTS TO THE
BUILDING SHELL. IN SOME CASES, UPGRADING THE HEATING OR
COOLING SYSTEM WHILE SIMULTANEOUSLY ADDING INSULATION
CAN DRAMATICALLY DECREASE THE SAVINGS THAT MIGHT HAVE
OTHERWISE BEEN GAINED FROM THE ADDITION OF THE INSULA-
TION ALONE. IN THIS SCENARIO, EITHER MEASURE ALONE COULD
BE COST EFFECTIVE, BUT THE SECOND MEASURE WOULD DELIVER
LESS BENEFIT PER DOLLAR OF INVESTMENT. THIS ILLUSTRATES THE
VALUE OF EXAMINING OVERALL BUILDING ENERGY IMPACTS.
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FPlanning and Frioritizing
Measures

A VARIETY OF FACTORS SHOULD BE CONSIDERED IN PLANNING OR PRI-
ORITIZING THE INSTALLATION OF ENERGY-SAVING MEASURES. SOME
SITUATIONS MAY SERVE AS “TRIGGERS” TO EXPEDITE INSTALLATION,
WHILE OTHERS MAY SUPPORT DEFERRED ACTION (E.G., TIMING OF
EQUIPMENT UPGRADES TO COINCIDE WITH SCHEDULED RENOVA-
TIONS IN THE SAME AREA OF A BUILDING). SEVERAL OF THESE SITUA-
TIONS ARE DISCUSSED BELOW ALONG WITH THE ASSOCIATED OPPOR-
TUNITIES.

Funding Availability

MANY PUBLIC AND PRIVATE ORGANIZATIONS REGULARLY FUND
SOME OR ALL OF THEIR ENERGY EFFICIENCY IMPROVEMENTS FROM
CURRENT OPERATING REVENUES OR THROUGH DIRECT DEBT FINANC-
ING. IN GENERAL, FUNDING THROUGH SUCH INTERNAL SOURCES
PROVIDES TWO CLEAR BENEFITS—IT RETURNS ALL SAVINGS TO THE
ORGANIZATION, AND IT IS USUALLY THE SIMPLEST AND QUICKEST
OPTION ADMINISTRATIVELY. HOWEVER, EVEN IF INTERNAL FUNDS
ARE CONSTRAINED, THE LACK OF INVESTMENT CAPITAL SHOULD
NOT BE CITED AS A MAJOR OBSTACLE TO THE IMPLEMENTATION
OF SOUND ENERGY EFFICIENCY IMPROVEMENTS TO BUILDINGS

AND FACILITIES. CAPITAL FOR ENERGY EFFICIENCY IMPROVEMENTS
IS EASILY AVAILABLE FROM THIRD PARTIES THROUGH A WIDE RANGE
OF FLEXIBLE FINANCING INSTRUMENTS. THREE COMMON MEANS
FOR OBTAINING SUCH OUTSIDE FINANCING ARE LEASE OR LEASE-
PURCHASE AGREEMENTS, ENERGY SAVINGS PERFORMANCE



CONTRACTS, AND INCENTIVES AVAILABLE THROUGH UTILITY DE-
MAND-SIDE MANAGEMENT PROGRAMS. A MORE DETAILED
DISCUSSION OF FUNDING SOURCES CAN BE FOUND IN CHAPTER 4

OF THIS HANDBOOK UNDER FUNDING ISSUES.

New Construction/Major
Rehavbilitation

NEW CONSTRUCTION AND BUILDING REHABILITATION ARE PARTICU-
LARLY OPPORTUNE TIMES TO INCORPORATE ENERGY EFFICIENCY
IMPROVEMENTS. MAKING EFFICIENCY IMPROVEMENTS DURING
CONSTRUCTION OR REHABILITATION CAN SIGNIFICANTLY REDUCE THE
COST OF IMPROVEMENTS (AS COMPARED TO THE COST OF LATER
RETROFITS). AS A RESULT, IMPROVEMENTS THAT MAY NOT BE POS-
SIBLE OR COST EFFECTIVE IN A RETROFIT SITUATION, MAY BECOME
VIABLE. IT IS GENERALLY NOT POSSIBLE, FOR EXAMPLE, TO PER-
FORM A MAJOR UPGRADE OF ENERGY EFFICIENCY, SUCH AS THE
ADDITION OF INSULATION TO A WALL, TO AN OCCUPIED COMMER-
CIAL BUILDING. AS PART OF A PLANNED REHABILITATION EFFORT,
HOWEVER, THE MEASURE CAN BE EASY TO INSTALL AND THERE-
FORE BECOMES A VERY COST-EFFECTIVE OPTION.

Environmental Incentives

THERE ARE SEVERAL ENVIRONMENTAL INCENTIVES THAT MIGHT
INDUCE BUILDING OWNERS OR OCCUPANTS TO INSTALL NEW
EQUIPMENT, MORE EFFICIENT EQUIPMENT, OR BOTH. EXAMPLES

OF SUCH INDUCEMENTS INCLUDE THE HAZARDOUS PCBS THAT ARE
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PRESENT IN SOME OLDER FLUORESCENT LIGHTING BALLASTS AND THE
EMISSIONS FROM FOSSIL-FIRED HEATING SYSTEMS OR ELECTRIC GEN-
ERATING STATIONS, WHICH ARE INCREASINGLY REGULATED AND
MONITORED. IN MANY CASES, THE COST OF A FAILURE OR THE
COST OF COMPLIANCE WILL BEGIN TO EQUAL A SUBSTANTIAL PART
OF THE COST TO REPLACE THE SYSTEM.

THE MANDATED HALT TO PRODUCTION OF OZONE-DESTROYING
CFCs WILL FORCE MANY BUILDING OWNERS TO CONSIDER SUCH
COST TRADE-OFFS IF THEY HAVE NOT ALREADY. A LARGE PORTION
OF THE CHILLER STOCK IN THE NATION DEPENDS ON CFCs AS RE-
FRIGERANTS, BUT CFCS WILL BECOME INCREASINGLY DIFFICULT AND
EXPENSIVE TO OBTAIN (AFTER JANUARY 1, 1996). UNLESS AN IN-
EXPENSIVE CFC-REPLACEMENT REFRIGERANT CAN BE DEVEL-
OPED AND PUT ON THE MARKET, CHILLER CONVERSION OR RE-
PLACEMENT WITH MODELS THAT USE SOME OTHER NON-CFC
FLUID MAY BE THE MOST DESIRABLE ALTERNATIVE.

THERE ARE ABOUT 80,000 CHILLERS PROVIDING BUILDING COOLING
IN THE UNITED STATES, AND MOST OF THEM WERE DESIGNED TO
USE CFC REFRIGERANTS. AS OF LATE 1995, aBouT 10,000 CFC
CHILLERS HAD BEEN RECENTLY REPLACED OR CONVERTED TO USE
NON-CFC REFRIGERANTS, BUT RELATIVELY LITTLE HAD BEEN DONE
ABOUT THE REMAINING UNITS.

EVALUATING INDIVIDUAL BUILDINGS
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System Failure

IMPENDING SYSTEM FAILURE IS AN EXCELLENT TIME TO LOOK AT EN-
ERGY EFFICIENCY. THIS IS BECAUSE EXPENDITURES ARE GOING TO BE
REQUIRED ANYWAY—UNLESS THE SYSTEM IS NO LONGER NEEDED.
THE DECISION BECOMES WHETHER TO USE THESE EXPENDITURES TO
REPAIR AN ANTIQUATED, WORN, OR INEFFICIENT SYSTEM OR APPLY
THEM TOWARD THE PURCHASE OF A NEW, MORE ENERGY-EFFICIENT
SYSTEM. THE NEW SYSTEM WILL OFFER SIZEABLE ANNUAL ENERGY
SAVINGS, REDUCED MAINTENANCE COSTS, AND LONGER LIFE. |F THE
ANNUAL FUEL USE AND EFFICIENCY OF A SYSTEM IS KNOWN, THE EN-
ERGY SAVINGS RESULTING FROM THE INSTALLATION OF NEW, HIGHER-
EFFICIENCY EQUIPMENT CAN OFTEN BE EASILY ESTIMATED. THESE
ANNUAL ENERGY SAVINGS CAN OFTEN TIP THE ECONOMIC SCALES
TOWARD THE PURCHASE OF A NEW SYSTEM.

DEPENDING ON THE FAILURE MODE, SYSTEM REPLACEMENT MAY
BE THE ONLY OPTION. THE ADDITIONAL COST OF THE MORE ENERGY-
EFFICIENT EQUIPMENT SHOULD BE LOOKED AT CLOSELY IN THIS CASE.
OFTEN, THE ADDITIONAL COST OF MORE EFFICIENT EQUIPMENT CAN
BE PAID OFF RAPIDLY BY THE RESULTING ENERGY SAVINGS.
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Frogrart

A T THIS POINT, YOU AND YOUR PARTNERS SHOULD HAVE
IDENTIFIED A SET OF ENERGY-SAVING OPPORTUNITIES FOR
YOUR CANDIDATE BUILDINGS AS WELL AS NUMEROUS POTENTIAL
MEASURES FOR CAPITALIZING ON THOSE OPPORTUNITIES. |F ALL OF
THESE ENERGY-SAVING MEASURES WERE TO BE IMPLEMENTED, THE
RESULTING ENERGY AND COST SAVINGS WOULD EASILY EXCEED THE
GOALS OF YOUR PARTNERSHIP. AS YOU PROCEED WITH THE DETAILED
PLANNING, ANALYSIS, AND DESIGN, HOWEVER, THE LIST OF MEASURES
TO BE IMPLEMENTED WILL BE PARED DOWN AND REFINED.

THIS CHAPTER PROVIDES ADVICE AND SUGGESTIONS TO GUIDE YOUR
ENERGY TEAM THROUGH THE IMPLEMENTATION PROCESS. As
SHOWN IN FIGURE 9, THERE ARE SIX MAIN STAGES TO THE PROCESS:

Rebuild America
PLANNING FOR IMPLEMENTATION. THE ENERGY TEAM FOR IMPLE-

MENTATION WILL NEED TO PLAN AND COORDINATE A VAST ARRAY
OF ACTIVITIES TO SUCCESSFULLY GUIDE THE RETROFIT PROGRAM.
THE PLANS SHOULD ESTABLISH ROBUST REPORTING AND

Iimplement Your Program

Implementation

Process Considerations

Planning

f

for Implementation™

I
[

t

Financing™

Analysis &
Design®

A\

<

Building Codes
& Regulations™

f

Baseline
Reporting

O

t

Implementation
& Installation

I\
[

* Efforts inthese areas

'

Commissioning may proceed concurrently

A

or iteratively, as long as

'

strong communication links
Operation &
Maintenance

are maintained between all

Ch

players.

FIGURE 9. THE IMPLEMENTATION PROCESS

IMPLEMENTING YOUR PROGRAM T §



Rebuild America

COMMUNICATIONS PROCEDURES, SET REASONABLE SCHEDULES,
AND INCORPORATE STRATEGIES FOR HANDLING CONTINGENCIES.

ANALYSIS & DESIGN. THE TECHNICAL ACCURACY OF THE ON-SITE EN-
GINEERING ANALYSIS AND THE RESULTING DESIGN AND SPECIFICATION
OF MEASURES SHOULD BE OF THE HIGHEST CALIBER, AS THE ULTI-
MATE SUCCESS OF THE RETROFIT EFFORT HINGES ON THESE ELEMENTS.
BASELINE REPORTING. PRIOR TO IMPLEMENTING ANY OF THE SELECTED
MEASURES, YOUR PARTNERSHIP SHOULD CHECK THAT IT HAS ACCURATE
BASELINE MEASUREMENTS OF CURRENT ENERGY PERFORMANCE IN THE
SELECTED BUILDINGS. THESE MEASUREMENTS WILL BE IMPORTANT LATER
IN ASSESSING THE ENERGY BENEFITS OF YOUR PROGRAM.

|MPLEMENTATION/|NSTALLATION. THE ATTENTION TO DETAIL IN THE
ANALYSIS AND DESIGN STAGE MUST BE CARRIED FORWARD TO EN-
SURE THAT THE RETROFIT MEASURES ARE INSTALLED AS DESIGNED.
EQUIPMENT AND MATERIALS MUST BE CAREFULLY SELECTED AC-
CORDING TO SPECIFICATIONS AND SHOULD BE INSPECTED DURING
INSTALLATION.

COMMISSIONING. REBUILD AMERICA STRONGLY ENCOURAGES ITS
PARTNERS TO INCORPORATE COMMISSIONING IN THEIR RETROFIT PLANS.
BY VERIFYING THE CORRECT INSTALLATION, FUNCTIONING, OPERATION, AND
MAINTENANCE OF EQUIPMENT, THE COMMISSIONING PROCESS EN-
SURES THAT THE INSTALLED MEASURES WILL CONTINUE TO DELIVER EN-
ERGY BENEFITS FOR THE LONG TERM. COMMISSIONING CAN TAKE
PLACE AFTER THE MEASURES HAVE BEEN INSTALLED, BUT IS MORE
EFFECTIVE WHEN IT ENCOMPASSES THE ENTIRE RETROFIT PROCESS
FROM PLANNING THROUGH OPERATION AND MAINTENANCE.

T O /MPLEMENTING YOUR PROGRAM

OPERATION AND MAINTENANCE (O&M). THE ENERGY AND COST
BENEFITS OF YOUR RETROFIT PROGRAM WILL EXTEND OVER A LONGER PERIOD
IF THE MEASURES ARE CORRECTLY OPERATED AND MAINTAINED BY A
TRAINED STAFF. SUCCESSFUL COMMISSIONING WILL ALSO FACILITATE
THIS PROCESS.

IN PRACTICE, THE FIRST TWO STAGES MAY BE ADDRESSED SIMULTA-
NEOUSLY OR EVEN ITERATIVELY, DEPENDING UPON THE MIX OF SKILLS ON
YOUR TEAM. WHATEVER THE ORDER IN WHICH THEY ARE UNDERTAKEN,
HOWEVER, EACH OF THE STAGES ENTAILS A NUMBER OF STEPS, OPTIONS,
PRECAUTIONS, AND DECISION POINTS THAT MUST BE CONSIDERED IN THE
IMPLEMENTATION PROCESS. THESE ISSUES ARE DISCUSSED IN THE FIRST
PART OF THIS CHAPTER. AS SHOWN IN FIGURE 10, OTHER CONSIDERATIONS
MUST ALSO BE TAKEN INTO ACCOUNT. FOR EXAMPLE, THE COST ESTI-
MATES AND FINANCING STRATEGIES (DISCUSSED IN CHAPTER 4) SHOULD
BE REVISED AND REFINED. THE SECOND PART OF THIS CHAPTER DIS-
CUSSES ANOTHER IMPORTANT CONSIDERATION —THE IMPLICATIONS OF BUILD-
ING CODES AND REGULATIONS.

The lmplementation
Frocess

BEFORE IMPLEMENTING YOUR PROGRAM, YOU WILL WANT TO
MAKE SURE THAT YOU AND YOUR PARTNERS HAVE A CLEAR
UNDERSTANDING OF THE GOALS AND OBJECTIVES, A COMMIT-
MENT OF STAFF AND RESOURCES, AND A CLEAR SENSE OF WHY THE
WORK IS IMPORTANT. SINCE THERE ARE NO “COOKBOOK”
APPROACHES TO MOST RETROFIT ACTIVITIES, A SHARED SENSE OF



PURPOSE AND CLEAR COMMUNICATIONS BETWEEN ALL PLAYERS
ARE CRITICAL TO FOSTERING THE INDIVIDUAL INITIATIVE AND
PERSEVERANCE THAT WILL BE NECESSARY TO SEE THE PROJECT
THROUGH COMPLETION.

THE ENERGY TEAM MEMBERS FOR THIS PHASE OF THE WORK WILL
HANDLE THE EFFORTS NECESSARY TO SELECT AND INSTALL THE EFFI-
CIENCY MEASURES AND ENSURE THAT THEY OPERATE PROPERLY.
IDEALLY, THE ENERGY TEAM WILL HAVE PEOPLE DEDICATED FULL-
TIME TO THE WORK. EVEN IF SOME MEMBERS ARE ONLY AVAILABLE
ON A PART-TIME BASIS, HOWEVER, EVERYONE SHOULD RECOGNIZE
THAT ALL TEAM MEMBERS ARE VITAL TO THE TASK. IN ADDITION TO
THE TEAM LEADER, THE TEAM SHOULD HAVE A FIELD ENGINEER
FAMILIAR WITH RETROFIT DESIGN AND IMPLEMENTATION AS WELL AS
A STAFF MEMBER WHO IS KNOWLEDGEABLE ABOUT FINANCING OF
BUILDING RETROFITS. OTHER TEAM MEMBERS COULD INCLUDE LOCAL
UTILITY STAFF AND CONSULTANTS FROM THE ENERGY COMMUNITY. OFTEN,
BUILDING OWNERS OR MANAGERS WILL SERVE ON THE TEAM AS WELL.

CAUTION IS ADVISED WHEN CONSIDERING PRIVATE SERVICE COM-
PANIES OR SUPPLIERS (INCLUDING ESCos, EQUIPMENT VENDORS, CON-
TRACTORS, AND ARCHITECTS/ENGINEERS) AS TEAM MEMBERS OR EVEN
AS PARTNERS. IF YOU ARE INTERESTED IN TEAMING WITH AN ORGANI-
ZATION OF THIS TYPE, YOU MAY FIRST WANT TO ESTABLISH A CLEAR
AGREEMENT AS TO THEIR ROLE IN ORDER TO ELIMINATE THE POTEN-
TIAL FOR A CONFLICT OF INTEREST. FOR EXAMPLE, IF ENGINEERING SER-
VICES WILL BE COMPETITIVELY SOUGHT FOR EACH BUILDING BEING
RETROFITTED, THEN YOUR TEAM ENGINEER COULD BE INSTRUCTED TO

EXEMPT HIS OR HER FIRM FROM BIDDING SUCH SERVICES.

I Flanning for Implementation

THERE ARE A LARGE NUMBER OF TECHNICAL AND MANAGEMENT
CONSIDERATIONS THAT NEED TO BE ADDRESSED FOR EACH STAGE OF
ANY RETROFIT PROJECT. IT IS THE RESPONSIBILITY OF THE ENERGY TEAM
FOR IMPLEMENTATION TO ACCOUNT FOR ALL OF THESE FACTORS AT
THE BEGINNING OF THE PROJECT SO THAT SUFFICIENT RESOURCES AND
STAFF CAN BE ALLOCATED AND WORK WILL NOT BE HELD UP BE-
CAUSE OF A LACK OF SUPPORT AT A CRITICAL JUNCTURE.

THE ENTIRE RETROFIT IMPLEMENTATION PROCESS WILL PROCEED
MORE SMOOTHLY IF THE ENERGY TEAM PLACES A HIGH PRIORITY
ON COORDINATING THE ACTIONS OF ALL PLAYERS AND ESTABLISH-
ING SOUND REPORTING AND TRACKING PRACTICES. MOST BUILD-
ING RETROFITS ARE COMPLEX OPERATIONS INVOLVING THE COORDI-
NATION OF ACTIONS BY DIVERSE GROUPS OF INDIVIDUALS UNDER
DEMANDING SCHEDULES.
TEAM ESTABLISH A SCHEDULE THAT MEETS THE NEEDS OF THE
BUILDING OWNER(S) AND OCCUPANTS AND IS REASONABLE IN
TERMS OF THE TIME ALLOTTED FOR THE DELIVERY AND INSTALLATION

IT IS EXTREMELY IMPORTANT THAT YOUR

OF ALL RETROFIT MEASURES. IN ADDITION TO THE USUAL DELAYS
INHERENT IN ANY BUILDING CONSTRUCTION, RETROFIT PROJECTS OF-
TEN SUFFER FROM “UNSEEN” DELAYS CAUSED BY PROBLEMS THAT
CROP UP DURING THE PROJECT. ASBESTOS REMOVAL, DISPOSAL
OF TRANSFORMERS THAT ARE LEAKING PCBS, AND OTHER REMEDIAL
ENVIRONMENTAL ACTIVITIES CAN BE ACCOMMODATED IF CON-
TINGENCY PLANS ARE DEVELOPED AT THE OUTSET.

AS IN ANY ACTIVITY, CLEAR COMMUNICATION ABOUT THE STATE
OF THE WORK IS EXTREMELY IMPORTANT AND ALL PARTIES NEED TO

Rebuild America

IN ESTABLISHING
YOUR RETROFIT

SCHEDULE,

CONSIDER THE

IMPACTS ON
BUILDING

OCCUPANTS AND

OWNERS.
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BE INFORMED ON A REGULAR BASIS. DAILY AND WEEKLY MEET-
INGS (AS NEEDED) CAN INSURE THAT NOBODY IS LEFT OUT OF THE
INFORMATION LOOP.

IN ADDITION, CAREFUL TRACKING OF ALL COSTS AND ACTIVITIES WILL
SERVE TO DOCUMENT THE EFFECTIVENESS OF THE RETROFITS —INFOR-
MATION THAT MAY BE USEFUL IN CONVINCING OTHERS THAT THE
WORK IS WORTH DOING. SOMETHING AS SIMPLE AS HAVING A CEN-
TRAL FILE CABINET WITH THE DOCUMENTATION FOR EACH PROJECT
CAN MAKE THE WHOLE ACTIVITY GO MORE SMOOTHLY. GOOD
COMPUTER RECORDS CAN SIGNIFICANTLY ENHANCE REPORTING ON
PROGRESS AND MAY ASSURE THAT FUTURE WORK IS APPROVED MORE
EASILY. WHILE SOME INFORMATION MAY SEEM TRIVIAL AT THE
TIME, CAREFUL RECORDS OF ALL EXPENDITURES AND ACTIVITIES MAY
PROVIDE THE INFORMATION NECESSARY TO LATER OBTAIN SUPPORT
FOR ADDITIONAL RETROFIT PROJECTS.

INSOFAR AS POSSIBLE, THE TEAM SHOULD STRIVE TO DEVELOP AN
IMPLEMENTATION PLAN THAT IS BOTH DETAILED AND FARSIGHTED.
THIS WILL AVOID THE “IF ONLY WE HAD ...” SYNDROME LATER IN THE
PROCESS. REVISIONS TO THE PLAN ARE TO BE EXPECTED AS WORK PRO-
CEEDS, BUT MAJOR DECISIONS SHOULD BE MADE AS EARLY AS FEA-
SIBLE. BEFORE MOVING FROM THE PLANNING STAGE, YOUR TEAM SHOULD
MAKE SURE THAT THE PLANNED PROGRAM ADDRESSES ALL OF THE
CONSIDERATIONS RAISED IN THIS HANDBOOK. FOR EACH STEP, THE
PLAN SHOULD ADDRESS THE APPROACH THAT THE PARTNERSHIP WILL
TAKE, THE RESPONSIBILITIES OF THE VARIOUS TEAM MEMBERS, THE
SEQUENCE AND APPROXIMATE SCHEDULE OF KEY EVENTS, AND
THE RESOURCES TO BE USED IN EACH OF THE STAGES. MUCH ALSO
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CAN BE LEARNED FROM RECENT ENERGY RETROFIT PROJECTS OR PRO-
GRAMS IN YOUR LOCALITY. YOUR LOCAL UTILITIES AND GOVERNMENT
ENERGY AGENCIES CAN ASSIST YOU IN THIS AREA.

2 Analysis and Design

THE DESIGN OF ANY RETROFIT ACTIVITY SHOULD BE VIEWED AS AN
OPPORTUNITY TO IMPROVE HOW A BUILDING WORKS. WHETHER
THE RETROFIT MEASURE CONSISTS OF NEW WINDOWS, BETTER LIGHT-
ING SYSTEMS AND CONTROLS, OR BETTER CONTROL OF THE HVAC
SYSTEM, IT SHOULD NOT ONLY SAVE ENERGY BUT ENHANCE THE
WELL-BEING AND COMFORT OF THE BUILDING’S OCCUPANTS. ANY
RETROFIT DESIGN AFFECTING THE APPEARANCE AND ENVIRON-
MENT OF A BUILDING, SUCH AS LIGHTING REPLACEMENT, SHOULD
CAREFULLY CONSIDER THE NEEDS AND PREFERENCES OF THE OCCU-
PANTS, THE BUILDING MANAGEMENT, AND THE OWNERS. MORE-
OVER, THE MEASURES INCLUDED IN A DESIGN MUST BE CAREFULLY
SELECTED, TAILORED, AND INTEGRATED TO EFFECTIVELY CORRECT
THE EXISTING PROBLEMS IN BUILDING PERFORMANCE.

THE ANALYSIS AND DESIGN STAGE DEMANDS A HIGH LEVEL OF TECHNI-
CAL COMPETENCE. THE ON-SITE ENGINEERING ANALYSES REQUIRE INDI-
VIDUALS WITH EXTENSIVE, IN-DEPTH TECHNICAL KNOWLEDGE OF BUILDING
SYSTEM COMPONENTS AND THE VARYING EFFECTS PRODUCED THROUGH
THE INTERACTION OF THESE COMPONENTS. IT IS ALSO ESSENTIAL THAT
SUCH PERSONS BE CAPABLE OF PREPARING HIGHLY SPECIFIC AND
COMPLETE PROJECT DOCUMENTATION AND SPECIFICATIONS.
MEMBERS OF YOUR TEAM MAY HAVE THE REQUISITE PROFESSIONAL
SKILLS, BUT IN MOST CASES YOU WILL ALSO NEED TO CONTRACT FOR



THE SERVICES OF AN ENERGY ENGINEERING CONSULTANT. THESE
CONSULTANTS CAN BE FOUND THROUGH YOUR LOCAL UTILITIES, GOV-
ERNMENT ENERGY AGENCIES, ARCHITECTURAL FIRMS, OR LOCAL BUSI-
NESS JOURNALS.

ENGINEERING ANALYSES. DETAILED ON-SITE ENGINEERING ANALYSES
MUST BE CONDUCTED TO DEVELOP COSTS AND ESTIMATES AS WELL
AS SPECIFICATIONS FOR EACH RETROFIT MEASURE. SEPARATE ANALY-
SES ARE PARTICULARLY IMPORTANT IF YOU ARE EVALUATING SEVERAL
ALTERNATIVE MEASURES. THIS WORK CAN BE PERFORMED BY A
QUALIFIED ENERGY CONSULTANT AS DESCRIBED EARLIER. THIS CON-
SULTANT EMPLOYS SEVERAL TOOLS TO ASSIST IN THE IDENTIFICATION
AND ANALYSIS OF POTENTIAL ENERGY MEASURES, SUCH AS SOPHISTI-
CATED ENERGY AUDIT TECHNIQUES AND ENERGY METERING/MONI-
TORING INSTRUMENTS (FOR USE ON SITE), COMPUTERIZED BUILDING
ENERGY SIMULATION PROGRAMS AND DESIGN MODELS, CUSTOM-
IZED ELECTRONIC SPREADSHEETS, AND EQUIPMENT SIZING PRO-
GRAMS. THE ENGINEERING CONSULTANT WILL ALSO CONFIRM THE
COSTS (AND POTENTIAL SAVINGS) OF THE VARIOUS RETROFITS BEING
CONSIDERED, AND CAN RECOMMEND WHICH SETS OF MEASURES
ARE MOST APPROPRIATE FOR YOUR BUILDINGS.

ENGINEERING DOCUMENTATION AND SPECIFICATIONS. AT A MINIMUM,
THE DOCUMENTATION FROM THE ENGINEERING ANALYSES SHOULD IN-
CLUDE THE RESULTS, A COMPLETE DESCRIPTION OF EACH RECOM-
MENDED RETROFIT MEASURE (E.G., “T-8 LAMPS WITH ELECTRONIC BAL-
LASTS” RATHER THAN JUST “ENERGY-EFFICIENT LIGHTING””), AND THE SAVINGS
PREDICTED FOR EACH MEASURE. SPECIFICATIONS FOR THE RETROFIT MEA-
SURES CAN BE PRESCRIPTIVE OR PERFORMANCE-BASED AND SHOULD

Rebuild America

ALSO TYPICALLY INCLUDE COMPLETE INSTALLATION GUIDELINES AND
WARRANTY INFORMATION. THE WARRANTY INFORMATION SHOULD BE
CONSISTENT WITH THE ASSUMPTIONS IN THE ECONOMIC ANALYSIS
REGARDING THE SERVICE LIFE OF EACH MEASURE. [N ADDITION, THE
SPECIFICATIONS SHOULD INDICATE THE TIME PERIOD IN WHICH THE
WORK MUST BE PERFORMED, APPLICABLE LOCAL BUILDING CODES
(DISCUSSED LATER IN THIS CHAPTER), AND ANY RELATED CONCERNS.
REMEMBER THAT SPECIFICATIONS SHOULD BE SPECIFIC, BUT NOT TO
THE EXTENT THAT THEY WOULD PRECLUDE CHANGES OR ALTERATIONS.
A PAGE FROM A SAMPLE SPECIFICATION FOR THE RETROFIT OF WIN-
DOW FILMS IS PROVIDED IN FIGURE 10.

FOR COMPLEX RETROFITS, SUCH AS ENERGY MANAGEMENT CONTROL
sYSTEMS (EMCSS), THE SPECIFICATION SHOULD INCLUDE THE FUNC-
TIONS NEEDED SO THAT THE BIDDERS CAN SELECT AND PROPOSE
THEIR BEST EQUIPMENT FOR THE APPLICATION. FOR OTHER RETROFITS,
SUCH AS LIGHTING REPLACEMENT, THE SPECIFICATIONS CAN IDENTIFY
EITHER THE SPECIFIC EQUIPMENT DESIRED OR THE PERFORMANCE
CRITERIA (E.G., WATTS PER SQUARE FOOT FOR A DESIRED ILLUMINA-
TION LEVEL).

s Baseline Reporting

NOW THAT YOUR PARTNERSHIP HAS CLEARLY DEFINED THE ENERGY EFFI-
CIENCY MEASURES TO BE IMPLEMENTED IN SELECTED BUILDINGS, YOU
WILL WANT TO MAKE SURE THAT YOU HAVE AN ACCURATE PICTURE OF
HOW MUCH ENERGY IS BEING USED IN THOSE BUILDINGS PRIOR TO RETROFIT.
THESE DATA WILL GIVE YOU A BASELINE AGAINST WHICH TO MEASURE
FUTURE ENERGY USE AND THEREBY ASSESS YOUR ENERGY SAVINGS.

IMPLEMENTING YOUR PROGRAM
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SECTION 12525
SOLAR CONTROL FILM RETROFIT

PART | - GENERAL

1.01 SECTION INCLUDES
A. REMOVAL OF OLD SOLAR CONTROL FILM
B. INSTALLATION OF NEW SOLAR CONTROL FILM
C. MATERIAL SPECIFICATION

1.02 RELATED SECTIONS
A. DivISION 1: GENERAL REQUIREMENTS
1. SEecTiON 01010, GENERAL REQUIREMENTS
2. SEecTioN 01210, SPECIAL PROVISIONS

1.03 PROJECT DESCRIPTION
A. THE BUILDING IS A NON-LABORATORY SCIENCE, ENGINEERING, AND OFFICE BUILDING COMPRISING APPROXIMATELY 8500 SQUARE FEET OF GLAZING ON FOUR ABOVE GRADE
LEVELS AND THREE SIDES.
B. APPROXIMATELY 75% OF THE WINDOW SURFACES ON THE SOUTH AND EAST ELEVATIONS HAVE BEEN FILMED AT UNDETERMINED TIMES.
C. THE WORK WILL BE TO REMOVE THE OLD FILM AND INSTALL NEW FILM.

1.04 SUBMITTALS
A. PRE-CONSTRUCTION SUBMITTALS
1. SUBMIT PRODUCT DATA FOR MANUFACTURED PRODUCTS.
2. SUBMIT MANUFACTURER’S INSTALLATION INSTRUCTIONS.
3. SUBMIT PROPOSED MATERIAL DELIVERY AND FILM INSTALLATION SCHEDULE.
B. SUBMIT MANUFACTURER’S MAINTENANCE (CARE AND CLEANING) INSTRUCTIONS.

1.05 QUALITY ASSURANCE
A. QUALIFICATIONS
1. MANUFACTURER: COMPANY EXPERIENCE IN MANUFACTURING THE PRODUCT SPECIFIED IN THIS SECTION WITH MINIMUM FIVE YEARS DOCUMENTED PRODUCT
DEVELOPMENT, TESTING, AND MANUFACTURING EXPERIENCE.
2 INSTALLER: SUBCONTRACTOR EXPERIENCE IN APPLYING THE WORK OF THIS SECTION WITH A MINIMUM FIVE YEARS DOCUMENTED EXPERIENCE. THE INSTALLING
SUBCONTRACTOR SHALL PROVIDE EVIDENCE OF 6 MONTH’S EMPLOYMENT WITH THE SUBCONTRACTOR FOR EACH INSTALLER USED AT THE SITE. INDEPENDENT CONTRACTORS
WORKING FOR THE SUBCONTRACTOR DO NOT QUALIFY AS EMPLOYEES.

3. THE SUBCONTRACTOR SHALL FURNISH ALL LABOR AND MATERIALS TO REMOVE THE OLD FILM AND ACCOMPLISH INSTALLATION OF THE NEW FILM.
4. THE SUBCONTRACTOR SHALL HAVE A COMPLETE SALES, INSTALLATION, AND SERVICE OPERATION WITHIN 70 MILES OF THE SITE.
5. SUBCONTRACTOR MUST BE LICENSED FOR C-17 (GLAZIER) OR C-61 (SPECIALTY-FILM).

B. PRE-START MEETING
1. THE SUBCONTRACTOR SHALL CONVENE A CONFERENCE WITH THE BUILDING AND PROJECT MANAGERS AFTER AWARD BUT PRIOR TO MAKING SUBMITTALS.
2. THE SUBCONTRACTOR SHALL REQUIRE ATTENDANCE OF ALL EMPLOYEES DIRECTLY PERFORMING THE WORK OF THIS SECTION.

1.06 DELIVERY, STORAGE, AND HANDLING
MATERIAL, TOOLS, AND EQUIPMENT ARE THE RESPONSIBILITY OF THE SUBCONTRACTOR. THE OWNER WILL NOT BE RESPONSIBLE FOR STORING OR HANDLING ANY SUBCONTRACTOR SUP-
PLIED TOOLS, EQUIPMENT OR MATERIAL.

1.07 WARRANTY
A. PROVIDE A 10-YEAR MANUFACTURER’S WARRANTY ON FILM AND A 10-YEAR WARRANTY ON INSTALLATION.
B. WARRANTY SHALL FULLY COVER MATERIAL AND LABOR COSTS TO REMOVE AND REPLACE DEFECTIVE FILM WITHOUT PRORATION.

FIGURE 10. SAMPLE SPECIFICATION
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PART 2 - PRODUCTS
2.01 MANUFACTURERS
A. FiLM [PRODUCT NAME] OR EQUAL.
B. SUBSTITUTIONS WILL BE CONSIDERED: SEE SEC. 01010-1.08 FOR REQUIREMENTS.
C. SUBSTITUTIONS WILL NOT BE CONSIDERED WITHOUT SEPARATE WRITTEN REQUEST (IN TRIPLICATE).
2.02 FILM PERFORMANCE
A. VISIBLE LIGHT TRANSMISSIBILITY (TV) SHALL BE GREATER THAN 0.65. TOLERANCE FOR TV IS TO BE HELD TO PLUS OR MINUS 2% OF THE PUBLISHED VALUE, FROM EDGE TO EDGE.
B. SHADING COEFFICIENT (SC) SHALL BE LESS THAN 0.55.
C. VISIBLE LIGHT REFLECTANCE BOTH SIDES SHALL BE LESS THAN 0.10.
D. ULTRA-VIOLET TRANSMISSIBILITY SHALL NOT BE GREATER THAN 4%.
E. THICKNESS SHALL BE A MINIMUM OF 1.5 MILS (WITHOUT RELEASE LINER).
F.  THE INWARD FACING SURFACE SHALL HAVE A FACTORY APPLIED, OPTICALLY CLEAR, ABRASION RESISTANT COATING SUFFICIENT TO PROTECT AGAINST OPTICAL HAZING AS A RESULT OF
WASHING AND WIPING.
G. THE FILMS METALLIC COATING SHALL BE FREE FROM VISIBLE STREAKS, BANDING OR PINHOLES. THE FILM COLOR SHALL BE UNIFORM IN DENSITY FROM EDGE TO EDGE.
H. THE FILM SHALL HAVE A FACTORY INSTALLED, OPTICALLY CLEAR ADHESIVE, PROTECTED WITH A SILICONE COATED POLYESTER RELEASE LINER.
PART 3 - EXECUTION
3.01 SCHEDULE
A. ELEVATION ORIENTATION WEST SOUTH EAsT
APPROXIMATE BUILDING SQUARE FEET
1STFLOOR 416 1,456 423
2ND FLOOR 439 1,593 447
3RD FLOOR 439 1,593 447
4THFLOOR 324 842 94
1,618 5,484 1,411
B.  SOUTH AND EAST ELEVATIONS SHALL BE USED TO CALCULATE THE “BASE BID”. THE WEST ELEVATION SHALL BE USED TO CALCULATE “ADDITIVE ALTERNATE 1.”
C. ALLWORK SHALL BE SCHEDULED FOR PERFORMANCE OUTSIDE THE NORMAL WORKDAY OF 8 A.M. TO 5 P.M. MONDAY THROUGH FRIDAY, AND THE BIDS CALCULATED ACCORDINGLY.
D. THE MOVEABLE PORTION OF EXTERIOR GLASS DOORS HAS NOT BEEN INCLUDED IN THIS FOOTAGE AND THE DOORS ARE NOT INTENDED TO BE COVERED BY THIS PROJECT.
3.02 OLD FILM REMOVAL
A. REMOVE ALL OLD INTERIOR FILM AND RAZOR CLEAN THE GLASS USING A [BRAND NAME] GLASS CLEANING RAZOR.
B. REMOVE ALL TRACES OF OLD FILM AND/OR FILM ADHESIVE, THEN RINSE AND SQUEEGEE THE ENTIRE SURFACE OF THE WINDOW USING A SOLUTION OF FILTERED WATER AND A
LUBRICATING SOLUTION AS RECOMMENDED BY THE FILM MANUFACTURER.
C. WIPE DRY AND CLEAN THE ENTIRE WINDOW AREA PERIMETER.
3.03 NEW FILM INSTALLATION
A. THE SUBCONTRACTOR, WITHIN 1 WEEK OF AWARD, SHALL PROVIDE IN WRITING A PRE-PLANNED SCHEDULE OF INSTALLATION, IDENTIFYING EACH SPACE REQUIRING ENTRY. THE
PREFERRED FORMAT IS A GANTT CHART, A HORIZONTAL BAR CHART OF TIME DEPENDENT ELEMENTS OF PERFORMANCE.
B. WHERE GLASS HAS BEEN FREE OF PRIOR FILM TREATMENT, RAZOR CLEAN THE GLASS USING A [BRAND NAME] GLASS CLEANING RAZOR.
C. RINSE AND SQUEEGEE THE ENTIRE INTERIOR SURFACE OF THE WINDOW USING A SOLUTION OF FILTERED WATER AND A LUBRICATING SOLUTION AS RECOMMENDED BY THE FILM
MANUFACTURER.
D. WIPE DRY AND CLEAN THE ENTIRE WINDOW AREA PERIMETER.
E. APPLY FILM TO THE GLASS AND REMOVE EXCESS MOISTURE FROM UNDER THE FILM USING TWO COMPLETE PASSES WITH A SLAB URETHANE SQUEEGEE. TRIM THE FILM TO FIT

UNIFORMLY 1/8 INCH FROM THE EDGE OF GLASS PANES.

FIGURE 10. SAMPLE SPECIFICATION (CONT.)

Rebuild America

ImPLEMENTING YOour ProGram 8 |l



Rebuild America

THESE ENERGY DATA ELEMENTS WILL ALSO BE REQUIRED LATER FOR
THE REPORTS TO BE SUBMITTED TO REBUILD AMERICA (AS DIS-
CUSSED IN CHAPTER 8). AT A MINIMUM, YOU SHOULD HAVE THE
FOLLOWING TOTALS:

O TOTAL MONTHLY ENERGY USE FOR ELECTRICITY (KBTU)

O TOTAL MONTHLY ENERGY USE FOR FUELS OTHER THAN
ELECTRICITY (KBTU)

0 TOTAL MONTHLY ENERGY COST BY FUEL TYPE

0 START AND END DATES OF TIME PERIOD

0 TOTAL SQUARE FEET OF EACH COMMERCIAL BUILDING

0 NUMBER OF MULTIFAMILY DWELLING UNITS PER BUILDING

(AND SQUARE FOOTAGE OF A TYPICAL UNIT, IF AVAILABLE)

WHEREAS YOUR EARLIER DATA COLLECTION EFFORTS MAY HAVE EN-
COMPASSED A BROAD RANGE OF CANDIDATE BUILDINGS, IT IS BEST
TO HAVE THESE ENERGY MEASUREMENTS CORRESPOND AS CLOSELY
AS POSSIBLE TO THE ACTUAL AREAS (SQUARE FOOTAGE IN COMMERCIAL
BUILDINGS OR NUMBER UNITS IN MULTIFAMILYBUILDINGS)THATWILLBEAF-
FECTED BY THE RETROFIT PROGRAM.
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4 Implementation/Iinstallation

THE ATTENTION TO TECHNICAL ACCURACY AND DETAIL IN THE ANALY-
SIS AND DESIGN STAGE WILL BE ENORMOUSLY HELPFUL IN THE IMPLE-
MENTATION STAGE. CARE SHOULD BE TAKEN TO AVOID LOSING
ANY IMPORTANT DETAILS IN THE BIDDING AND NEGOTIATING PRO-
CESS. SIMILARLY, KNOWLEDGEABLE SUPERVISION AND INSPECTION
OF THE INSTALLATION WORK WILL HELP TO ENSURE THAT THE INSTALLED
MEASURES PERFORM AS INTENDED.

BIDDING AND CONTRACTS. ONCE THE ENGINEERING ANALYSES HAVE
BEEN COMPLETED AND THE MEASURES HAVE BEEN SHOWN TO
BE ECONOMICALLY JUSTIFIED, YOU WILL NEED TO REQUEST BIDS OR
PROPOSALS FOR EQUIPMENT PROCUREMENT AND FOR WORK THAT
YOU CANNOT PERFORM WITH INTERNAL STAFF ALONE. THESE PRO-
CESSES WILL DIFFER BY THE TYPE OF ORGANIZATION (PUBLIC OR
PRIVATE SECTOR) THAT WILL CARRY OUT THE PROJECT, THE RANGE OF
ENERGY EFFICIENCY MEASURES DESIRED, THE NATURE OF EQUIP-
MENT AND SERVICES DESIRED, THE SOURCES OF FINANCING, AND
ANY CURRENT PROCUREMENT RESTRICTIONS ON YOUR ORGANIZATION OR
PARTNERSHIP.

COMPETITIVE PROCUREMENT PROCESSES ARE GENERALLY DESIGNED
TO OBTAIN THE BEST PRICE AND VALUE FOR A DEFINED SET OF
EQUIPMENT AND/OR SERVICES. IN MOST CASES, A COMPETITIVE
PROCUREMENT PROCESS STARTS WITH THE DEVELOPMENT AND RELEASE
OF AFORMAL REQUEST FOR PROPOSALS OR A MORE GENERAL REQUEST
FOR QUALIFICATIONS. SELECTION OF A VENDOR FOR THE DESIRED
EQUIPMENT OR SERVICES IS MADE BY EVALUATING RESPONSES TO



THE FORMAL REQUEST IN A MANNER THAT BALANCES LOWEST PRICE
AGAINST OTHER MERITS, INCLUDING THE VENDOR’S PRIOR EXPERI-
ENCE, RESPONSIVENESS, REPUTATION, AND EQUIPMENT OR SERVICE
WARRANTIES.

THE NATURE OF THE PROCUREMENT PROCESS IS LIKELY TO DIFFER SIGNIFI-
CANTLY BETWEEN WELL-DEFINED PROJECTS THAT YOU ARE PLANNING
TO FINANCE WITH INTERNAL RESOURCES AND MORE BROADLY DE-
FINED PROJECTS THAT YOU MAY CONSIDER IMPLEMENTING THROUGH
THIRD PARTIES, SUCH AS ENERGY SERVICE COMPANIES. WHILE COM-
PETITIVE PROCUREMENT PROCESSES ARE RECOMMENDED FOR BOTH
TYPES OF PROJECTS, A “REQUEST FOR PROPOSALS” IS GENERALLY USED
FOR THE FORMER, WHILE A “REQUEST FOR QUALIFICATIONS” IS RECOM-
MENDED FOR THE LATTER.

0 REQUEST FOR PROPOSALS. THIS INSTRUMENT IS RECOMMENDED
WHEN SPECIFIC EQUIPMENT AND/OR SERVICE NEEDS ARE
KNOWN AND WELL DEFINED. FOR EXAMPLE, USING A RE-
QUEST FOR PROPOSALS IS RECOMMENDED IF YOU HAVE CON-
DUCTED A DETAILED ENERGY AUDIT ON A BUILDING, IDENTI-
FIED SPECIFIC MEASURES AND EQUIPMENT NEEDS AS A RE-
SULT OF THAT AUDIT, AND KNOW ANY OTHER SERVICES (E.G., A
DEFINED LEVEL OF CONTINUING OPERATIONS AND MAINTE-
NANCE OR LEASING ARRANGEMENT) THAT WILL BE REQUIRED.

0 REQUEST FOR QUALIFICATIONS. THIS INSTRUMENT IS RECOM-
MENDED WHEN YOU HAVE DEFINED GENERAL OPPORTUNI-
TIES FOR ENERGY EFFICIENCY IMPROVEMENTS, BUT HAVE NOT
DESIGNED SPECIFIC MEASURES, AND WHEN YOU ARE SEEK-
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ING A THIRD-PARTY ENERGY SERVICE COMPANY (ESCo) TO

DESIGN, INSTALL, AND FINANCE MEASURES THAT CAPTURE THE
ENERGY SAVINGS OPPORTUNITIES. IN MOST CASES, THE PRO-
POSED COST OF ENERGY EFFICIENCY IMPROVEMENTS CANNOT
ENTER INTO THE SELECTION OF AN ESCO SINCE SPECIFIC IM-
PROVEMENTS CANNOT BE DEFINED UNTIL THE ESCoO IS SE-
LECTED AND PERFORMS ITS OWN ENERGY AUDIT.

BOTH OF THESE PROCUREMENT PROCESSES CAN BE DESIGNED TO
SATISFY THE COMPETITIVE REQUIREMENTS ESTABLISHED BY MOST
PUBLIC OR PRIVATE SECTOR ORGANIZATIONS. EVALUATION AND SE-
LECTION CRITERIA FOR THE FORMER CAN EASILY BE DESIGNED TO IN-
CLUDE RANKINGS ACCORDING TO LOWEST PRICE. EVALUATION AND
SELECTION CRITERIA FOR THE LATTER MUST BE BASED ON FACTORS
THAT PREDICT PERFORMANCE AND VALUE BASED ON QUALIFICA-
TIONS, INCLUDING PRIOR EXPERIENCE, TECHNICAL APPROACH, FI-
NANCING APPROACH, PROJECT MANAGEMENT CAPABILITIES, AND
PERFORMANCE GUARANTEES.

FOR SOME RETROFITS (SUCH AS EMCS SYSTEMS), PARTIAL COMPLE-
TION IS NOT ACCEPTABLE FOR PARTIAL PAYMENT; TO ENSURE THE
PERFORMANCE OF SUCH MEASURES, PAYMENT SHOULD BE
WITHHELD UNTIL 100% OF THE WORK HAS BEEN COMPLETED.
WITHHOLDING PAYMENT UNTIL ALL WORK IS COMPLETED HAS THE
ADDITIONAL BENEFIT OF ENCOURAGING CONTRACTORS TO STAY ON
SCHEDULE. FOR OTHER RETROFITS, SUCH AS WINDOW OR LIGHTING
RETROFITS, PARTIAL PAYMENT CAN BE MADE UPON PARTIAL
COMPLETION SINCE THE SUCCESS OF THE WHOLE PROJECT DOES
NOT DEPEND ON THE COMPLETION OF ALL THE WORK. CAREFUL
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CONSTRUCTION MANAGEMENT AND INSPECTION WILL BE
NEEDED IN ANY CASE TO PREVENT SHORTCUTS AND DELETIONS
THAT COULD REDUCE THE PERFORMANCE OF THE RETROFITS.

CONSTRUCTION MANAGEMENT AND INSPECTION. THE DEGREE OF
CONSTRUCTION SUPERVISION AND INSPECTION WILL DEPEND ON THE
SIZE OF THE PROJECT, BUT SUPERVISION OF EVEN THE SMALLEST
PROJECTS SHOULD INCLUDE THE FOLLOWING ELEMENTS TO ENSURE
QUALITY:

0 VERIFY THAT THE EQUIPMENT AND MATERIALS INSTALLED
MATCH THE SPECIFICATIONS, PARTICULARLY IF SUBSTITUTIONS
HAVE OCCURRED.

0 CONFIRM THAT THE ACTUAL INSTALLATION OF THE MEASURES
CONFORMS TO ALL APPLICABLE BUILDING CODES AND REGULA-
TIONS FOR YOUR LOCALITY (DISCUSSED LATER IN THIS CHAPTER).

0 CHECK THAT ALL OPERATING MANUALS ARE IN PLACE AND
WARRANTY INFORMATION IS IN ORDER.

0 MAINTAIN CLOSE COMMUNICATIONS BETWEEN OWNER, TEN-
ANTS, AND CONTRACTORS ABOUT ANY CHANGES THAT MIGHT
AFFECT THE SCHEDULE AND THE USE OF THE BUILDING.

5 Commissioning

COMMISSIONING IS THE PROCESS OF SYSTEMATICALLY EVALUATING
BUILDING EQUIPMENT, SUBSYSTEMS, AND OPERATION AND MAIN-
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TENANCE PROCEDURES, AS WELL AS THE PERFORMANCE OF ALL
BUILDING COMPONENTS TO ENSURE THAT THEY FUNCTION EFFICIENTLY
AS A SYSTEM. MOREOVER, COMMISSIONING HELPS TO MAKE SURE
THAT A BUILDING OR FACILITY PROVIDES A SAFE, EFFICIENT, AND COM-
FORTABLE SHELTER CONDUCIVE TO THE ACTIVITIES FOR WHICH IT IS USED.
SOME OF THE BENEFITS OF COMMISSIONING ARE AS FOLLOWS:

0 BETTER BUILDING OPERATION. COMMISSIONING ASSURES THAT
ALL RETROFIT SPECIFICATIONS AND DRAWINGS ARE UPDATED TO
REFLECT ACTUAL MODIFICATIONS TO THE BUILDING (“AS-IN-
STALLED”) AND THAT ALL O& M MANUALS HAVE BEEN DELIV-
ERED AND CAN BE EASILY UNDERSTOOD BY THOSE WHO
MUST USE THEM. COMMISSIONING PROVIDES OPERATION
AND MAINTENANCE PERSONNEL WITH THE KNOWLEDGE AND
TRAINING TO OPERATE BUILDING EQUIPMENT PROPERLY,
SCHEDULE ACTIVITIES THAT MAINTAIN AND EXTEND EQUIP-
MENT LIFE, AND GENERALLY PERFORM THEIR RESPONSIBILITIES IN
A MANNER THAT WILL INCREASE OPERATIONAL SAVINGS.

0 IMPROVED DESIGN AND CONSTRUCTION. COMMISSIONING CAN
RESULT IN GREATER COOPERATION AMONG THE PROFESSIONALS
INVOLVED IN THE RETROFIT AND PERMIT A CROSS-CHECK OF
THE PERFORMANCE OF A BUILDING’S EQUIPMENT AND COM-
BINED SYSTEMS. THIS ULTIMATELY RESULTS IN FEWER CALL-
BACKS AND FEWER CONSTRUCTION LITIGATION PROBLEMS.

0 TENANT RETENTION. COMMISSIONING CAN IMPROVE INDOOR
AIR QUALITY AND MAKE A BUILDING HEALTHIER, SAFER, AND
MORE COMFORTABLE.



Commissioning Case Studies

THREE RECENT PROJECTS INDICATE THE ENERGY SAVINGS THAT CAN BE ACHIEVED
THROUGH COMMISSIONING.

PrRoJECT 1. COMMISSIONING WAS APPLIED TO A 25-BUILDING CORPORATE FACILITY INCLUD-
ING OFFICES, RESEARCH FACILITIES, AND HOUSING. THE FACILITY CONTAINS 7 MILLION SQUARE
FEET WITH AN ANNUAL UTILITY COST OF APPROXIMATELY $12 MILLION. SINCE 1992 THE COR-
PORATION HAS IMPLEMENTED COMMISSIONING STRATEGIES AND INSTITUTED TRAINING AND
DATA COLLECTION TO MEASURE BUILDING PERFORMANCE. ANNUAL SAVINGS HAVE RE-
SULTED IN A ONE-YEAR PAYBACK. FURTHER SAVINGS ARE EXPECTED AS ADDITIONAL SAV-
INGS OPPORTUNITIES ARE PURSUED (HERZOG 1995).

ProjecT 2. THE HVAC SYSTEM OF AN 84,000-SQUARE-FOOT OFFICE BUILDING IN ROCKVILLE,
MARYLAND, WAS UPGRADED IN CONJUNCTION WITH A BUILDING TUNE-UP AS PART OF THE
EPA ENERGY STAR BUILDINGS PROGRAM. THE PROJECT WAS COMMISSIONED TO ENSURE
SAVINGS. CAPITAL COSTS FOR THE UPGRADE AND COMMISSIONING WERE $1.82 PER
SQUARE FOOT. FOR THIS INVESTMENT, ANNUAL ENERGY COSTS WERE REDUCED BY $1.07
PER SQUARE FOOT PER YEAR, AND THE ASSET VALUE OF THE BUILDING INCREASED BY $8.82
PER SQUARE FOOT, PROVIDING AN INTERNAL RATE OF RETURN OF 59% (EPA 1995).

PROJECT 3. IN A PACIFIC NORTHWEST OFFICE BUILDING, COMMISSIONING OF SUPPLY AIR
CONTROLS, ZONED LIGHTING SWEEPS, AN ENERGY MANAGEMENT CONTROL SYSTEM, AND
DAYLIGHTING CONTROLS YIELDED SIGNIFICANT SAVINGS. THE BUILDING OWNER AND OCCU-
PANTS ALSO BENEFITED FROM IMPROVED OPERATION AND MAINTENANCE, INCREASED
EQUIPMENT LIFE, AND IMPROVED COMFORT AND INDOOR AIR QUALITY (IAQ). THE COST FOR
THIS PROJECT WAS $1.46 PER SQUARE FOOT AND THE MEASURES YIELD AN ANNUAL SAVINGS
OF $4.34 10 $4.47 PER SQUARE FOOT (BPA 1994).

0 GREATER BUDGETING ACCURACY.
COMMISSIONING OVERSIGHT OF
RETROFITS GENERALLY RESULTS IN PROJECTS
THAT ARE ON-TIME AND WITHIN-
BUDGET.

AT LEAST THREE DIFFERENT APPROACHES CAN
BE TAKEN TO COMMISSIONING. |T CAN BE
IMPLEMENTED FOLLOWING INSTALLATION, IN-
CORPORATED THROUGHOUT THE RETROFIT PRO-
CESS, OR USED ALONE AS A MEANS TO IM-
PROVE BUILDING ENERGY EFFICIENCY. DURING
THE PLANNING PHASE, YOU OR YOUR TEAM WILL
NEED TO DECIDE ON THE LEVEL OF COMMIS-
SIONING APPROPRIATE FOR YOUR PROGRAM.

THE REBUILD AMERICA PROGRAM RECOM-
MENDS THAT ITS PARTNERS IMPLEMENT SOME
FORM OF COMMISSIONING. AT A MINIMUM,
EVERY RETROFIT PROGRAM IS ENCOURAGED TO
COMMISSION ITS BUILDINGS ONCE THE RETROFIT
MEASURES HAVE BEEN INSTALLED TO ENSURE
THEIR CORRECT AND EFFICIENT OPERATION.

REDUCED LIABILITY. COMMISSIONING CAN RESULT IN FEWER COMMISSIONING IS MOST EFFECTIVE WHEN INITIATED AT THE PLAN-

COMPLAINTS AND TENANT ACTIONS RELATED TO CONSTRUC- NING STAGE, WHEN RENOVATION OR RETROFIT IS UNDER CONSIDER-

TION, AND CAN LOWER THE RISK OF POST-CONSTRUCTION LEGAL ATION. |F HANDLED IN THIS MANNER, BEFORE CONCEPTUALIZING THE

ACTION STEMMING FROM CONDITIONS SUCH AS INDOOR ENVI- DESIGN, A PRELIMINARY MEETING HELPS EACH MEMBER OF THE

RONMENTAL POLLUTION. PROJECT TEAM UNDERSTAND THE GOALS AND PROCEDURES OF THE

Rebuild America

EVERY RETROFIT
PROGRAM IS
ENCOURAGED TO
COMMISSION ITS
BUILDINGS TO
ENSURE THEIR
CORRECT AND
EFFICIENT OP-
ERATION.
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COMMISSIONING PROCESS. THE BUILDING OWNER, THE ARCHITECT,
THE ENGINEER, THE CONTRACTOR, AND THE COMMISSIONING AGENT
CAN MAKE PLANS TO INTEGRATE THE BUILDING’S PERFORMANCE
WITH ITS FUNCTIONS. THE COMMISSIONING AGENT CAN POINT OUT
EFFECTIVE MEANS FOR ACHIEVING ENERGY EFFICIENCY, COST SAV-
INGS, AND LONG-TERM RELIABILITY.

COMMISSIONING AS A STAND-ALONE REMEDY FOR SYSTEM PERFOR-
MANCE GENERALLY BEGINS WITH THE QUALIFICATION AND SELEC-
TION OF A COMMISSIONING AGENT AND AN EXAMINATION OF CUR-
RENT BUILDING PERFORMANCE. IN SOME CASES, INSTITUTING COM-
MISSIONING EARLY IN THE OVERALL PROGRAM MAY ELIMINATE THE
NEED FOR SOME RETROFIT MEASURES. FOR EXAMPLE, WHEREAS AN
ENERGY ANALYSIS MIGHT INDICATE THE NEED FOR A MORE EFFICIENT
COOLING SYSTEM, A GOOD COMMISSIONING AGENT MIGHT BE
ABLE TO SOLVE THE PROBLEM BY SIMPLY BALANCING THE THERMAL
DISTRIBUTION SYSTEM.

UNDER THE VARIOUS APPROACHES, COMMISSIONING CAN INCLUDE
ALL OR A SUBSET OF THE FOLLOWING COMPONENTS:

0 ESTABLISHING EXPECTED OUTCOMES, SUCH AS HOW THE
BUILDING SHOULD PERFORM, WHAT THE OCCUPANTS NEED,
AND HOW MUCH IT COSTS

0 UPDATING THE DESIGN INTENT FOR THE BUILDING SO THAT
THE OCCUPANTS’ PRESENT NEEDS ARE RECOGNIZED

80 /mPLEMENTING YOUR PROGRAM

O MAKING DECISIONS ABOUT UPGRADES AND MODIFICATIONS
THAT WOULD COST-EFFECTIVELY MEET THE BUILDING OWNER’S
AND OCCUPANTS’ NEEDS

0 MEASURING THE BASIC FUNCTIONAL, ENERGY EFFICIENCY, AND
THERMAL/ENVIRONMENTAL PERFORMANCE OF THE BUILDING’S
EXISTING AUTOMATIC CONTROL, HEATING, AIR CONDITIONING,
REFRIGERATION, LIGHTING, AND OTHER IMPORTANT ENERGY
SYSTEMS

0 TESTING ALL BUILDING EQUIPMENT TO MAKE SURE IT WORKS
WELL, WORKS TOGETHER, AND ACTUALLY MEETS THE PRESENT
DESIGN INTENT AND OPERATIONAL SPECIFICATIONS

0 PROVIDING BUILDING SYSTEM DOCUMENTATION FOR FUTURE
OPERATIONS AND MAINTENANCE, SO THAT THE BUILDING WILL
CONTINUE TO PERFORM RELIABLY AND REAP THE EXPECTED
SAVINGS

0 VERIFYING THAT BUILDING AND SYSTEM OPERATORS HAVE RE-
CEIVED APPROPRIATE TRAINING

REBUILD AMERICA ENCOURAGES ITS PARTNERS TO INCORPORATE AT
LEAST THE LAST THREE OF THESE COMPONENTS IN THEIR LOCAL RETRO-
FIT PROGRAMS.

SELECTING A COMMISSIONING AGENT. A COMMISSIONING AGENT IS
IMPORTANT TO SUCCESSFUL COMMISSIONING. THE INDIVIDUAL
SHOULD HAVE EXPERTISE IN DESIGN, SUPERVISION OF SYSTEM



INSTALLATION, EQUIPMENT TESTING, TRAINING, AND DEVELOPMENT
OF OPERATIONS MANUALS. GOOD CANDIDATES FOR COMMISSION-
ING AGENTS WILL ALSO HAVE A WORKING KNOWLEDGE OF LOCAL
BUILDING CODES, HANDS-ON OPERATION, ENERGY CONSERVATION,
INDOOR AIR QUALITY, AND CONSTRUCTION PRACTICES. THE INDI-
VIDUAL SHOULD ALSO BE FAMILIAR WITH THE DESIGN, CONSTRUCTION,
AND FUNCTIONAL PROCESSES; THE FUNCTIONAL SYSTEMS INVOLVED IN
THE SPECIFIC BUILDING OR BUILDINGS UNDER CONSIDERATION;
AND THE KEY MEMBERS OF THE RENOVATION TEAM. A cOoM-
MISSIONING AGENT CAN BE AN INDEPENDENT THIRD-PARTY
PROFESSIONAL ENGINEER, DESIGN PROFESSIONAL, OR A QUALIFIED
MEMBER OF THE TEAM.

6 Operation and Maintenance

MANY FACTORS CAN CAUSE BUILDINGS TO FUNCTION IMPROPERLY, BUT
GOOD OPERATING AND MAINTENANCE PROCEDURES CAN REDUCE OR
ELIMINATE THE EFFECTS OF THESE FACTORS AND MAINTAIN A HIGH QUAL-
ITY OF BUILDING OPERATION OVER TIME. OPERATION REFERS TO AC-
TIVITIES SUCH AS THE SCHEDULING OF EQUIPMENT OPERATION AND
TEMPERATURE CONTROL. MAINTENANCE INVOLVES CARING FOR
EQUIPMENT SO THAT IT WILL RUN WELL FOR AT LEAST THE DURATION OF
ITS EXPECTED SERVICE LIFE. TOGETHER, OPERATION AND MAINTE-
NANCE ARE THE PROCESS OF SUSTAINING THE PERFORMANCE OF A
BUILDING IN ACCORDANCE WITH PRESENT DESIGN REQUIREMENTS
AND INTENT.

BuILDING O&M MAY BE COMPLEX OR STRAIGHTFORWARD, DEPEND-
ING ON THE FUNCTION OF THE FACILITY AND THE COMPLEXITY OF ITS

SYSTEMS. KEY COMPONENTS OF EFFECTIVE OPERATION AND MAIN-
TENANCE INCLUDE A WELL-TRAINED STAFF, ADEQUATE DOCUMEN-
TATION OF MECHANICAL AND ELECTRICAL EQUIPMENT AND PROCE-
DURES, AND GOOD MAINTENANCE MANAGEMENT PRACTICES.

O&M ACTIVITIES CAN BE CHARACTERIZED AS REACTIVE (RESPOND-
ING TO EMERGENCIES AND FIXING EQUIPMENT THAT BREAKS
DOWN), PREVENTIVE (SCHEDULING WORK TO GENERATE THE LONG-
EST-TERM, MOST ENERGY-EFFICIENT SERVICE FROM A SYSTEM OF INTE-
GRATED EQUIPMENT), OR PREDICTIVE/PRODUCTIVE (OPTIMIZING
USE OF RESOURCES, ENERGY, AND EQUIPMENT TO REAP GREATER
SYSTEM SAVINGS THAN THE EQUIPMENT ALONE IS EXPECTED TO
PROVIDE). THE HIGHEST MAINTENANCE COSTS ARE INCURRED DUR-
ING EMERGENCIES AND OTHER REACTIVE MAINTENANCE ACTIVI-
TIES, WHEREAS PREVENTIVE MAINTENANCE REDUCES THE RISK OF
CRISIS BREAKDOWNS AND THE ATTENDANT COSTS. OVERALL, A GOOD
O&M PROGRAM WILL MAINTAIN THE QUALITY OF BUILDING OPERATION.

O&M IMPACTS ON ENERGY USE. BUILDING ENERGY USE CAN BE
SUBSTANTIALLY LOWERED BY GOOD O&M PRACTICES SUCH AS
SCHEDULING BUILDING EQUIPMENT OFF WHEN NOT NEEDED AND
BY REDUCING THE USE OF EQUIPMENT WHENEVER POSSIBLE.
ANALYZING THE ENERGY USE OF A BUILDING, AS DESCRIBED IN
CHAPTER 3, IS ALSO AN INTEGRAL PART OF GOOD ENERGY SYSTEM
OPERATION. ANALYSIS OF ENERGY USE IS IMPORTANT FOR DETER-
MINING WHETHER ENERGY USE AND COSTS ARE BECOMING UN-
REASONABLY HIGH, AND MAY BE USEFUL IN IDENTIFYING OPPOR-
TUNITIES FOR MORE EFFICIENT OPERATION.

Rebuild America
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Case Studies in Operation and
Maintenance

ProOJECT 1. THE UNITED UNIONS BUILDING IN WASHINGTON, D.C., WAS STUDIED TO EXAMINE THE ENERGY
BENEFITS FROM MULTIPLE RETROFITS INSTALLED DURING 1987 AND 1988 (McLAIN 1994). THE 170,000-
SQUARE-FOOT BUILDING IS ALL ELECTRIC AND USED ABOUT 38 KWH PER SQUARE FOOT EACH YEAR BEFORE
RETROFIT. ONE OF THE RETROFIT MEASURES HAD INCLUDED THE INSTALLATION OF AUTOMATED CONTROLS TO
TURN OFF HEATING AND COOLING EQUIPMENT WHEN NOT IN USE. THIS MEASURE HAD BEEN EXPECTED
TO SAVE 14 KWH PER SQUARE FOOT EACH YEAR. A DETAILED ANALYSIS OF THE BUILDING ENERGY SYSTEMS
AND ENERGY USE SHOWED THAT THE BUILDING OPERATORS HAD ALREADY BEEN SHUTTING DOWN THE
FANS AND HEATING/COOLING SYSTEMS AT NIGHT AND ON WEEKENDS PRIOR TO THE RETROFIT. IN OTHER
WORDS, THE GOOD O&M PRACTICES PERFORMED MANUALLY BEFORE THE RETROFIT (ALTHOUGH NOT RECOG-
NIZED EARLIER) HAD ALREADY BEEN SAVING ALMOST $50,000 PER YEAR, EVEN WITH AN ELECTRIC SCHED-
ULE THAT FAVORED USE OF ELECTRICITY DURING THE PERIODS WHEN THE BUILDING WAS UNOCCUPIED.

PROJECT 2. WHILE MONITORING THE SAVINGS FROM NEW, ENERGY-EFFICIENT LIGHTING EQUIPMENT AT A
NUMBER OF SCHOOLS IN NORTH TEXAS, THE SCHOOL-DISTRICT O&M STAFF NOTICED THAT THE ENERGY SAVINGS
WERE NOT AS HIGH AS EXPECTED. THERE WAS EVIDENCE THAT THE HVAC SYSTEMS, WHICH WERE CON-
TROLLED BY ENERGY MANAGEMENT CONTROL SYSTEMS, MIGHT BE RUNNING AT NIGHT. ALTHOUGH THE DIS-
TRICT ENERGY MANAGER VERIFIED THAT THE EMCSS WERE PROGRAMMED TO BE OFF AT NIGHT, FURTHER
INVESTIGATION REVEALED THAT THE EMCSS HAD BEEN DISABLED IN MANY OF THE SCHOOLS. A CON-
TRACTOR WAS HIRED TO REFURBISH THE EMCSs AT 104 SCHOOLS IN THE DISTRICT, AND THE ELECTRICAL ENERGY
SAVINGS ARE EXPECTED TO TOTAL $1.5 MILLION PER YEAR A LOW-COST/NO-COST, BACK-TO-BASICS O&M
PROGRAM WITH FOUR MAIN COMPONENTS:

> A “CHAMPION” TO PUSH THE PROGRAM

> MANAGEMENT COMMITMENT AND PARTICIPATION

> MONTHLY TEAM MEETINGS

> IMPLEMENTATION (OF PROJECTS), REVIEW (OF RESULTS), AND TABULATION (OF SAVINGS)

THE FIRST “BLUEPRINT” OF THE PROGRAM INCLUDED A LIST OF 100 LOW-COST/NO-COST ENERGY-SAVING IDEAS
TO CONSIDER AT EVERY SITE. ONE UNIQUE FEATURE OF THE PROGRAM IS THE INVOLVEMENT OF THE SECU-

RITY STAFF IN IDENTIFYING ENERGY-SAVING OPPORTUNITIES AS THEY MAKE THEIR NIGHTLY ROUNDS. FROM 1992
THROUGH 1994, THE PROGRAM PRODUCED MORE THAN $2 MILLION IN SAVINGS EACH YEAR (OWENS 1994).
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POOR MAINTENANCE EVENTUALLY HAS ADVERSE IMPACTS ON
BUILDING PERFORMANCE, BUT THE NET EFFECTS ON ENERGY USE ARE
NOT EASILY PREDICTABLE. SOMETIMES POOR MAINTENANCE WILL
INCREASE BUILDING ENERGY COSTS DRAMATICALLY, WHILE IN OTHER
CASES IT MAY LOWER ENERGY COSTS—BUT AT THE EXPENSE OF A
GOOD INDOOR ENVIRONMENT. SOMETIMES THE RESULTING IN-
CREASES AND DECREASES IN ENERGY USE CANCEL EACH OTHER OUT,
YET INDOOR SPACE CONDITIONS ARE COMPROMISED.

Building Codes and
Regulations

EACH STATE OR LOCAL GOVERNMENT JURISDICTION MAY BE CONSID-
ERED UNIQUE BOTH IN TERMS OF THE BUILDING CODES AND REGULA-
TIONS THAT IT HAS ADOPTED AND IN THE WAY IT ENFORCES THEM.
THE BEST WAY TO ENSURE COMPLIANCE WITH CODES IS TO CONSULT
AN EXPERIENCED LOCAL ARCHITECT, ENGINEER, BUILDER, OR RENOVA-
TOR WITH KNOWLEDGE OF THE APPLICABLE CODES FOR YOUR COM-
MUNITY. DEPENDING UPON THE COMPOSITION OF YOUR PARTNER-
SHIP, YOU MAY HAVE DIRECT ACCESS TO A LOCAL BUILDING CODE
OFFICIAL. IN ANY CASE, YOU WILL WANT TO MAKE SURE YOUR LO-
CAL GOVERNMENT BUILDING CODE AGENCY IS CONTACTED EARLY
IN THE PLANNING STAGE OF ANY RENOVATION. ACCOMMODAT-
ING SUCH CODES LATE IN THE PLANNING STAGE OR DURING DE-
SIGN AND CONSTRUCTION CAN COST YOU MONEY AND TIME IN
THE LONG RUN. THE STAFF OF THE BUILDING CODE AGENCY CAN
HELP YOU IDENTIFY THE DRAWINGS, DOCUMENTATION, FORMS,
AND INSPECTIONS THAT ARE REQUIRED.



THIS SECTION HIGHLIGHTS BUILDING CODE ISSUES THAT MAY AF-
FECT YOUR ENERGY RETROFIT PROGRAM. THE VARIOUS CODE CAT-
EGORIES ARE DESCRIBED BRIEFLY, AND SOME OF THE CODES THAT
SPECIFICALLY PROMOTE ENERGY EFFICIENCY ARE IDENTIFIED.

Code Categories

CODES AND REGULATIONS FOR BUILDING CONSTRUCTION AND RENO-
VATION ARE FREQUENTLY DIVIDED INTO CATEGORIES THAT CORRE-
SPOND TO THE COMPONENTS OF A BUILDING. SOME JURISDICTIONS
HAVE COMPREHENSIVE BUILDING CODES THAT COVER ALL OF THESE
CATEGORIES IN ONE DOCUMENT; OTHER JURISDICTIONS MAY HAVE
MULTIPLE CODE DOCUMENTS, EACH COVERING AN INDIVIDUAL
BUILDING SYSTEM. THE MAJOR CATEGORIES OF BUILDING CODES ARE
AS FOLLOWS:

0 GENERAL BUILDING CODES COVER PLANNING AND STRUCTURAL
REQUIREMENTS. THEY MAY ALSO INCLUDE SPECIAL OCCU-
PANCY AND FIRE PROTECTION REQUIREMENTS.

0 MECHANICAL CODES COVER THE INSTALLATION (AND OPERA-
TION) OF MECHANICAL SYSTEMS SUCH AS THE HEATING, VEN-
TILATION, AND AIR-CONDITIONING SYSTEMS. INDOOR AIR QUAL-
ITY REQUIREMENTS ARE OFTEN INCLUDED IN THESE CODES.

0 PLUMBING CODES COVER THE INSTALLATION OF PLUMBING
EQUIPMENT, APPLIANCES, FIXTURES, FITTINGS, AND PIPING.

Rebuild America

0 ELECTRICAL CODES COVER THE INSTALLATION OF ELECTRICAL SYS-
TEMS, EQUIPMENT, APPLIANCES, FIXTURES, AND WIRING.

0 ENERGY CODES COVER ENERGY PERFORMANCE REQUIREMENTS
SUCH AS INSULATION LEVELS, GLAZING TYPES, AIR INFILTRATION
LEVELS, AND EQUIPMENT EFFICIENCY (SEE NEXT SECTION).

0 GAS CODES COVER THE INSTALLATION OF FUEL-GAS PIPING
AND GAS APPLIANCES.

0 FIRE PREVENTION CODES COVER REQUIREMENTS FOR REASON-
ABLE PROTECTION OF LIFE AND PROPERTY FROM THE HAZARDS
OF FIRE DURING THE USE AND OCCUPANCY OF A BUILDING.

0 LIFE SAFETY CODES MAY SUPPLEMENT FIRE PREVENTION
CODES.
0 ACCESSIBILITY CODES SPECIFY BUILDING FEATURES TO ENSURE

ACCESS BY PHYSICALLY DISABLED PEOPLE.

RENOVATION OF AN EXISTING BUILDING COULD EASILY BE COVERED BY
SEVERAL OF THESE CATEGORIES. FOR EXAMPLE, A BOILER REPLACE-
MENT COULD BE AFFECTED BY (1) GENERAL CODES, TO COVER WID-
ENING OF AN OUTSIDE DOOR TO ACCOMMODATE REMOVAL OF THE
OLD BOILER; (2) MECHANICAL CODES, TO COVER THE NEW BOILER;
(3) PLUMBING CODES, TO COVER THE WATER PIPING; (4) ELECTRICAL
CODES, TO COVER THE PUMPS, ETC.; (5) ENERGY CODES, TO COVER
BOILER PERFORMANCE; (6) GAS CODES, TO COVER NATURAL GAS
PIPING; AND (7) FIRE CODES, TO COVER PROXIMITY TO FLAMMABLE
WALLS.

IMPLEMENTING YOUR PROGRAM
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PARTNERSHIPS IN
THOSE STATES THAT
HAVE NOT YET
ADOPTED OR EX-
CEEDED THE
MEC or ASHRAE
CODES MAY WISH
TO USE THOSE
STANDARDS FOR
THEIR RETROFIT
PROGRAMS.

Energy-Related Codes

SINCE REBUILD AMERICA PARTNERS WILL BE PERFORMING ENERGY
RETROFITS ON COMMERCIAL AND MULTIFAMILY BUILDINGS, ENERGY-
RELATED CODES ARE OF PARTICULAR INTEREST. THESE CODES STIPU-
LATE MINIMUM ENERGY PERFORMANCE STANDARDS FOR A BUILDING
AND ITS COMPONENTS. DEPENDING UPON THE JURISDICTION,
THESE CODES CAN SPAN NEARLY ALL OF THE CATEGORIES LISTED
ABOVE. MANY STATE AND LOCAL JURISDICTIONS HAVE ADOPTED
NATIONALLY RECOGNIZED STANDARDS KNOWN AS MODEL ENERGY
CODES. THESE ARE DISCUSSED BELOW ALONG WITH THE TYPES OF
ASSISTANCE AVAILABLE REGARDING ENERGY STANDARDS.

MoDEL ENERGY CODES. THE NATIONAL ENERGY PoLicy AcT (EPACT)
OF 1992 REQUIRES ALL STATES TO REVIEW AND UPDATE THEIR COM-
MERCIAL BUILDING ENERGY CODES AND, WHERE APPROPRIATE,
UPDATE THEIR RESIDENTIAL BUILDING CODES. BASED ON EPACT,
EXISTING NATIONAL VOLUNTARY PROGRAMS, AND PRIOR STATE/LOCAL
INITIATIVES, AN INCREASING NUMBER OF STATES HAVE ADOPTED
ENERGY CODES THAT MEET OR EXCEED THE NATIONALLY REQUIRED
BUILDING STANDARDS. THESE MINIMUM STANDARDS ARE THE
CouNcIL oF AMERICAN BuiLbING OFFICIAL’s (CABO’s) 1992 MoODEL
ENERGY CoDE (MEC) FOR RESIDENTIAL BUILDINGS AND ASHRAE/
IESNA STANDARD 90.1-1989 FOR COMMERCIAL BUILDINGS. (NOTE
THAT MULTIFAMILY BUILDINGS OVER THREE STORIES TALL ARE OFTEN
CONSIDERED TO BE COMMERCIAL BUILDINGS.)

THE WIDELY ADOPTED BUILDING OFFICIALS AND CODE
ADMINISTRATOR’S (BOCA’S) NATIONAL BUILDING CODE INCLUDES A
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NATIONAL ENERGY CONSERVATION CoDE (NECC). THE NECC
REQUIRES COMMERCIAL AND RESIDENTIAL BUILDINGS TO COMPLY
WITH VARIOUS ASHRAE ENERGY STANDARDS OR THE CABO MEC, As
APPLICABLE.

STATE AND LOCAL GOVERNMENTS ARE CONTINUALLY UPDATING THEIR
ENERGY CODES. SOME STATES HAVE EITHER ADOPTED MORE STRIN-
GENT MODEL ENERGY CODES (INCLUDING THE RECENT 1995 MEC)
OR DEVELOPED THEIR OWN (E.G., CALIFORNIA’S TITLE 24 RESIDENTIAL
BUILDING STANDARDS). MANY STATES ALSO GO BY ASHRAE STAN-
DARD 62-89, WHICH COVERS THE INDOOR AIR QUALITY OF COMMER-
CIAL AND CERTAIN MULTIFAMILY BUILDINGS.

PARTNERSHIPS IN THOSE STATES THAT HAVE NOT YET ADOPTED OR
EXCEEDED THE MEC OoR ASHRAE CODES DESCRIBED ABOVE MAY
STILL WISH TO USE THOSE STANDARDS FOR THEIR PROGRAMS. THIS AP-
PROACH SHOULD PROVIDE FURTHER ASSURANCE OF ENERGY SAVINGS.

ENERGY STANDARDS ASSISTANCE. MANY STATE AND LOCAL GOVERN-
MENTS OFFER SOME FORM OF ASSISTANCE IN UNDERSTANDING THEIR
ENERGY CODES. THIS SUPPORT CAN COME IN A VARIETY OF FORMS IN-
CLUDING:

TRAINING AND WORKSHOPS
EDUCATIONAL MATERIALS

NEWSLETTERS

HOTLINES

s s o |

COMPLIANCE COMPUTER SOFTWARE



Benefits of Energy
Standards

BUILDING ENERGY CODES OFFER SEVERAL BENEFITS TO YOUR
PARTNERSHIP AND BUILDING OWNERS. FOR EXAMPLE, EN-
ERGY CODES HELP INCREASE THE ENERGY EFFICIENCY OF
BUILDINGS AND IMPROVE INDOOR AIR QUALITY AS WELL.
BUILDINGS THAT COMPLY WITH TODAY’S WIDELY ADOPTED
ENERGY CODES WILL USE 20 TO 30 PERCENT LESS ENERGY
THAN NON-REGULATED BUILDINGS. ENERGY STANDARDS ALSO
PROVIDE THE BASIS FOR COMMUNITIES TO MEET THE EN-
ERGY EFFICIENCY PROVISIONS FOR MULTIFAMILY HOUSING UN-
DER CERTAIN FUNDING AND LOAN PROGRAMS OF THE U.S.
DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT.

SOURCE: U.S. DEPARTMENT OF ENERGY.

CONSULT YOUR LOCAL BUILDING CODE AGENCIES FOR INFORMATION
ON SUCH ASSISTANCE. DOE ALSO OFFERS A BUILDING STANDARDS
AND GUIDELINES HOTLINE AT 1-800-270-CODE (2633); THE STAFF
CAN HELP YOU OBTAIN DESCRIPTIONS OF THE STANDARDS MEN-
TIONED IN THIS SECTION. THE ASHRAE STANDARDS CAN BE OB-
TAINED FROM:

ASHRAE CUSTOMER SERVICE
1791 TuLLiE CIRCLE, NE

ATLANTA, GA 30329

PHONE: (800) 5-ASHRAE (274723)
FAX: (404) 321-5478

Rebuild America
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Results

N IMPORTANT YARDSTICK FOR MEASURING THE SUCCESS OF
A YOUR ENERGY EFFICIENCY PROGRAM IS THE AMOUNT OF EN-
ERGY SAVED. METHODICALLY VERIFYING AND DOCUMENTING YOUR
ENERGY SAVINGS WILL ENHANCE THE CREDIBILITY OF YOUR PROGRAM
WITH LOCAL AGENCIES, GOVERNMENT OFFICES, AND OTHER ORGANI-
ZATIONS IN YOUR COMMUNITY. WHEN SYSTEMATICALLY REPORTED
TO REBUILD AMERICA, YOUR RESULTS WILL ALSO CONTRIBUTE TO THE

SUCCESS OF SIMILAR COMMUNITY PROGRAMS AROUND THE COUNTRY.

THIS CHAPTER PROVIDES INSTRUCTIONS FOR REPORTING YOUR PROGRESS
AND ENERGY SAVINGS TO REBUILD AMERICA AND ALSO DESCRIBES
SEVERAL VOLUNTARY REPORTING OPPORTUNITIES THAT CAN BENEFIT
BOTH YOUR COMMUNITY AND THE NATION.

Rebuild America

Veritying Results

CREDIBLE RESULTS BEGIN WITH THE COLLECTION OF ENERGY USE
DATA PRIOR TO BUILDING RETROFIT, BUT ALSO DEPEND ON CONSIS-
TENT DATA COLLECTION EFFORTS THEREAFTER. YOU AND YOUR PART-
NERS SHOULD DECIDE UPON THE METHOD OR COMBINATION OF
METHODS TO BE USED FOR COLLECTING AND VERIFYING SUCH DATA
ON AN ONGOING BASIS. YOUR PARTNERSHIP WILL MOST LIKELY WISH
TO ENGAGE THE SERVICES OF EXPERT CONSULTANTS IN THIS AREA.

AS DISCUSSED IN CHAPTER 2, UTILITY BILLS ALONE CAN PROVIDE A
SUFFICIENT BASIS FOR DETERMINING ENERGY SAVINGS OVER TIME. IN
ADDITION TO COLLECTING UTILITY DATA, HOWEVER, YOU MAY WISH
TO MONITOR ENERGY USE AND RELATED FACTORS ON SITE. ON-SITE MONI-
TORING ALLOWS YOU TO VERIFY ENERGY PERFORMANCE FOR SPECIFIC
EQUIPMENT, BY END USE, OR FOR A BUILDING AS A WHOLE. WHILE OFTEN
COSTLY, MONITORING IS USUALLY THE MOST ACCURATE WAY TO DETERMINE
ENERGY SAVINGS AND OTHER PROGRAM BENEFITS. VARIOUS AP-
PROACHES TO MONITORING ARE DISCUSSED IN APPENDIX B OF THIS
HANDBOOK.

AN ALTERNATIVE APPROACH FOR VERIFYING RESULTS IS TO CONDUCT
EVALUATION STUDIES USING A CONTROL GROUP. UNDER THIS AP-
PROACH, THE ENERGY USE OF RETROFITTED BUILDINGS IS COMPARED
WITH THAT OF NON-RETROFITTED BUILDINGS OF SIMILAR TYPE AND
FUNCTION. THIS APPROACH HELPS ELIMINATE FROM THE ANALYSIS
ANY CHANGES IN ENERGY CONSUMPTION THAT ARE NOT RETROFIT-
RELATED (E.G., INCREASED COMPUTER USE OR EXTREME WEATHER
CONDITIONS). UNFORTUNATELY, EVALUATION STUDIES AND THE USE

VERIFYING AND REPORTING RESULTS
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OF CONTROL GROUPS CAN BECOME QUITE EXPENSIVE. FOR MORE
INFORMATION ON EVALUATION METHODOLOGIES, THERE ARE GUIDES
AND HANDBOOKS THAT GO INTO GREATER DETAIL ON THE SUBJECT
(E.G., ORNL 1991 anD EPRI 1991).

A MORE FORMAL APPROACH FOR DETERMINING YOUR ENERGY SAV-
INGS IS PRESENTED LATER IN THIS CHAPTER UNDER THE SUBHEADING
“EPA CONSERVATION VERIFICATION PROTOCOLS.” THESE PROTOCOLS,
WHICH WERE DEVELOPED FOR THE VOLUNTARY REPORTING OF EMIS-
SIONS REDUCTIONS TO THE ENVIRONMENTAL PROTECTION AGENCY,
DEFINE ACCEPTED METHODS FOR MONITORING ENERGY USE AND
FOR ESTIMATING “STIPULATED” ENERGY SAVINGS (USED ONLY WITH
CERTAIN RETROFIT TECHNOLOGIES THAT HAVE WELL-ESTABLISHED EN-
ERGY IMPACTS).

REGARDLESS OF THE METHOD OR METHODS USED TO ASCERTAIN
ENERGY SAVINGS AND OTHER PROGRAM BENEFITS, YOUR PARTNER-
SHIP SHOULD DEVELOP A REASONABLE PLAN FOR COLLECTING AND
ANALYZING BUILDING DATA ON AN ONGOING BASIS. SUCH A PLAN
CAN BE SIMPLE OR COMPLEX, BUT YOUR PARTNERSHIP SHOULD DE-
CIDE HOW POST-RETROFIT ENERGY USE DATA IS TO BE COMPILED
AND HOW THAT DATA WILL BE COMPARED TO THE PRE-RETROFIT OR
“BASELINE” DATA. YOU MAY DECIDE TO USE A VARIATION ON AN
ESTABLISHED APPROACH OR A COMBINATION OF APPROACHES.
YOU AND YOUR PARTNERS WILL ALSO NEED TO SPECIFY THE AREAS OF
EXPERTISE NECESSARY TO IMPLEMENT THE PARTICULAR DATA COLLEC-
TION AND VERIFICATION PLAN YOU HAVE DEVISED. THE SKILLS RE-
QUIRED ARE LIKELY TO BE SIMILAR TO THOSE OF THE ENERGY ANALYST
(DESCRIBED IN CHAPTER 2) AND THE ENERGY AUDITOR (DESCRIBED
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IN CHAPTER 6). THESE SKILLS INCLUDE THE FOLLOWING:

0 KNOWLEDGE OF BUILDING ENERGY RETROFITS

0 BUILDING ENERGY DATA COLLECTION SKILLS

0 MONITORING (OR METERING) OF BUILDING ENERGY USE, IF AP-
PLICABLE

0 BUILDING ENERGY AND COST ANALYSIS EXPERTISE

0 ENERGY SAVINGS EVALUATION EXPERIENCE

0 REPORTING AND COMPUTER SKILLS

YOUR DATA COLLECTION AND ANALYSIS PLAN SHOULD ALSO CONTAIN
PROVISIONS FOR REPORTING YOUR RESULTS TO REBUILD AMERICA AND,
IF APPLICABLE, TO COMMUNITY GROUPS AND LOCAL GOVERNMENT
AGENCIES.

Reporting to
Rebuild America

TO MEASURE THE EFFECTIVENESS OF THE REBUILD AMERICA PRO-
GRAM AS A WHOLE AND TO ASSIST FUTURE ENERGY EFFICIENCY
RETROFIT PROGRAMS, ALL ACTIVE PARTNERSHIPS ARE ASKED TO
SUBMIT BRIEF PROGRESS REPORTS TO REBUILD AMERICA. THESE
PROGRESS REPORTS HIGHLIGHT THE MILESTONES ACHIEVED BY YOUR



PARTNERSHIP, INCLUDING PROGRAM STATUS INFORMATION AND
ENERGY-RELATED DATA FOR INDIVIDUAL BUILDINGS. REPORTS SHOULD
BE SUBMITTED TO REBUILD AMERICA EVERY JANUARY AND JULY.

TO FACILITATE YOUR REPORT PREPARATION AND SUBMISSION, REBUILD
AMERICA OFFERS SEVERAL GUIDELINES FOR REPORT CONTENT AND FOR-
MAT, BUT PARTNERSHIPS ARE NOT BOUND BY THESE GUIDELINES.
YOU ARE ENCOURAGED TO CUSTOMIZE YOUR REPORTS TO MINIMIZE
THE EFFORT NECESSARY TO PRODUCE THEM FOR REBUILD AMERICA.
FOR EXAMPLE, IF YOU ARE ALREADY PRODUCING A SIMILAR REPORT
FOR YOUR LOCAL COMMUNITY OR GOVERNMENT AGENCY, YOU MAY
WISH TO SIMPLY ADAPT IT AS NEEDED FOR SUBMISSION TO REBUILD
AMERICA. SIMILARLY, YOU MAY DECIDE TO REPORT POST-RETROFIT EN-
ERGY USE DATA IN A FORM THAT IS MORE COMPATIBLE WITH THE WAY IN
WHICH THE DATA IS COLLECTED AND ANALYZED (E.G., BY GROUP OF
BUILDINGS AS OPPOSED TO INDIVIDUAL BUILDINGS). ALTHOUGH RE-
BUILD AMERICA IS FLEXIBLE WITH REGARD TO REPORTING, YOU SHOULD
CONSULT YOUR PROGRAM REPRESENTATIVE TO DISCUSS ANY ALTERNA-
TIVE REPORTING FORMATS. ONCE A FORMAT IS SELECTED, YOU WILL
NEED TO BE CONSISTENT IN USING THAT FORMAT FOR SUBSEQUENT
REPORT SUBMITTALS.

[F YOUR PARTNERSHIP IS CURRENTLY RECEIVING FINANCIAL ASSISTANCE
FROM THE REBUILD AMERICA PROGRAM, YOU ARE NOT REQUIRED TO
SUBMIT THE PROGRESS REPORTS DESCRIBED ABOVE. AS PART OF
YOUR COOPERATIVE AGREEMENT, YOU WILL BE COMPLETING A
FORM ENTITLED, FEDERAL ASSISTANCE PROGRAM/PROJECT STATUS REPORT,
FORM F 4600.6, WHICH SATISFIES THE REPORTING REQUIREMENT.

Frogram Status Information

THE PROGRAM STATUS PORTION OF YOUR PROGRESS REPORT MAY BE
IN NARRATIVE OR TABULAR FORMAT AND NEED NOT BE LONGER THAN
ONE OR TWO PAGES. THE INFORMATION INCLUDED SHOULD REPRE-
SENT THE HIGHLIGHTS OF YOUR PROGRAM AND ENABLE REBUILD
AMERICA TO TRACK YOUR PROGRESS. THE TYPES OF PROGRAM STATUS
ELEMENTS THAT SHOULD BE INCLUDED ARE SHOWN IN THE BOX ON
THE FOLLOWING PAGE.

REBUILD AMERICA IS ANXIOUS TO LEARN ABOUT YOUR LOCAL PRO-
GRAM. PLEASE FEEL FREE TO INCLUDE ANY ADDITIONAL INFORMATION
THAT YOU THINK WOULD BE OF INTEREST TO THE PROGRAM OR HELPFULTO
OTHER COMMUNITY PARTNERSHIPS.

Energy-Related Data

THE ENERGY DATA YOU REPORT WILL ENABLE REBUILD AMERICA TO
MEASURE TOTAL ENERGY SAVINGS FOR YOUR PROGRAM AND THE
COMBINED IMPACT OF SIMILAR PROGRAMS ON A NATIONAL SCALE.
TO PUT ENERGY SAVINGS IN PERSPECTIVE, REBUILD AMERICA
NEEDS TO KNOW THE SQUARE FOOTAGE OF COMMERCIAL BUILDINGS
AND THE NUMBER OF DWELLING UNITS IN MULTIFAMILY BUILDINGS
WHERE RETROFITS HAVE BEEN PERFORMED. ALL OF THESE DATA ELE-
MENTS ARE ITEMS THAT YOU SHOULD ALREADY BE COLLECTING AND
ANALYZING AS PART OF YOUR LOCAL PROGRAM.

PARTNERSHIPS ARE ASKED TO PRESENT RESULTS DATA BY INDIVIDUAL
BUILDING. IF REPORTING BY INDIVIDUAL BUILDING IS NOT FEASIBLE FOR

Rebuild America

REPORTS SHOULD
BE SUBMITTED
TO REBUILD
AMERICA EVERY
JANUARY AND
JuLy.
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You may
CONTACT YOUR
PROGRAM REP-
RESENTATIVE TO
ESTABLISH AN
ALTERNATIVE
REPORTING
FORMAT,

FProgress Report Elements

FProgram Status

PARTNERSHIP NAME

CONTACT PERSON NAME, TITLE, ADDRESS, PHONE NUMBER,
AND FACSIMILE NUMBER

ANY NEW MEMBERS TO YOUR PARTNERSHIP
NUMBER, TYPE, AND STATUS OF BUILDINGS SELECTED (COM-
MERCIAL OR MULTIFAMILY, AND WHETHER BUILDINGS ARE

UNDER RENOVATION, COMPLETED, AND SO FORTH)

BRIEF DESCRIPTION OF RETROFITS PERFORMED IN EACH BUILD-
ING (INCLUDING FUEL SWITCHING)

TOTAL DOLLARS INVESTED IN RETROFITS

GENERAL STATUS OF PROGRAM FUNDING

PLANS FOR THE NEXT 6 TO 12 MONTHS

PROGRAM SUCCESS STORIES (CONCERNING PARTICULAR BUILD-
INGS, MARKETING CAMPAIGNS, RESULTS VERIFICATION AP-
PROACHES, ETC.), IF ANY

JOBS CREATED, LOCAL ECONOMIC BENEFITS ACHIEVED,
VALUE OF CAPITAL INVESTMENTS MADE, AND OTHER

SIMILAR PROGRAM BENEFITS, IF AVAILABLE

PROBLEMS ENCOUNTERED, RELEVANT ISSUES, AND SOLUTIONS,
IF ANY

QO VErRIFYINGAND REPORTING RESULTS

Energy-Related Data

(when available)

v

A DESCRIPTION OF THE BUILDING, INCLUDING:
- NAME, NUMBER, OR OTHER IDENTIFIER
- TYPE OF BUILDING (COMMERCIAL OR MULTIFAMILY)

- PRINCIPAL BUILDING ACTIVITY (OFFICE, EDUCATION,
ETC.), IF COMMERCIAL BUILDING

- TOTAL FLOOR AREA FOR COMMERCIAL BUILDINGS AND
TYPE OF FLOOR AREA MEASUREMENT (GROSS, NET
RENTABLE, NET USABLE, ETC.) OR

- TOTAL NUMBER OF DWELLING UNITS FOR MULTIFAMILY
RESIDENTIAL BUILDINGS (AND SQUARE FOOTAGE
OF A TYPICAL UNIT, IF AVAILABLE)

> BASELINE AND POST-RETROFIT DATA, INCLUDING:

- TOTAL MONTHLY ENERGY USE FOR ELECTRICITY (KBTU)

- TOTAL MONTHLY ENERGY USE FOR FUELS OTHER THAN
ELECTRICITY (KBTU)

- TOTAL MONTHLY COST FOR ELECTRICITY
- TOTAL MONTHLY COST FOR OTHER FUELS

- START AND END DATES OF TIME PERIODS REPORTED



YOUR PROGRAM AND YOU HAVE A MORE EFFECTIVE METHOD, YOU
MAY CONTACT YOUR PROGRAM REPRESENTATIVE TO ESTABLISH AN
ALTERNATIVE REPORTING FORMAT. FOR EXAMPLE, ONE ALTERNATIVE
APPROACH IS TO GROUP BUILDINGS THAT SHARE A SINGLE UTILITY
METER OR THAT WERE RETROFITTED IN THE SAME CALENDAR OR FISCAL
YEAR. |F YOU WISH TO PROVIDE AGGREGATE DATA IN ADDITION TO
DATA BY INDIVIDUAL BUILDING, YOU ARE ENCOURAGED TO DO SO.

THE REPORTING REQUIREMENTS ARE STRAIGHTFORWARD; YOU ARE
ASKED TO PROVIDE THE ENERGY-RELATED DATA ELEMENTS SHOWN
IN THE BOX ON THE PREVIOUS PAGE FOR EACH INDIVIDUAL BUILD-
ING THEY MAY BE PRESENTED IN TABULAR OR OTHER SUMMARY
FORMATS.

THE TYPE OF FLOOR AREA MEASUREMENT SHOULD REMAIN CONSIS-
TENT BETWEEN YOUR BASELINE AND POST-RETROFIT DATA SETS. IN
ADDITION, CARE SHOULD BE TAKEN TO REPORT ENERGY USE FOR A
CONSISTENT AMOUNT OF COMMERCIAL SQUARE FOOTAGE OR NUMBER
OF MULTIFAMILY DWELLING UNITS IN EACH BUILDING FROM YEAR TO
YEAR. THE SQUARE FOOTAGE OR NUMBER OF UNITS REPORTED
SHOULD BE IDENTICAL IN BOTH THE BASELINE AND POST-RETROFIT
CASES. |IF SIGNIFICANT CHANGES OCCUR IN A BUILDING OVER TIME,
PLEASE PROVIDE THE SPECIFICS (E.G., AMOUNT OF INCREASED
FLOOR AREA, CHANGE IN PRINCIPAL BUILDING ACTIVITY, ETC.) TO RE-
BUILD AMERICA.

ENTERING THE CORRECT AMOUNT OF SQUARE FOOTAGE AND NUM-
BER OF DWELLING UNITS IN YOUR REPORTS TO REBUILD AMERICA IS
CRITICALLY IMPORTANT. AS A GENERAL RULE, YOU SHOULD SIMPLY

REPORT THE NUMBER OF UNITS ACTUALLY RETROFITTED WITHIN EACH
MULTIFAMILY BUILDING. KEEP IN MIND THAT THE REPLACEMENT OF
A CENTRAL BOILER IN AN APARTMENT BUILDING SERVES AS A RETROFIT
TO ALL OF THE UNITS SERVED BY THAT BOILER. OF COURSE, IF THE EN-
ERGY USE FOR ALL OF THE UNITS IN A BUILDING IS RECORDED THROUGH
ONE CENTRAL METER, THEN YOU SHOULD INCLUDE ALL OF THOSE UNITS
IN YOUR TOTAL COUNT (REGARDLESS OF HOW MANY OF THOSE UNITS
WERE ACTUALLY RETROFITTED). THE OBVIOUS EXCEPTION WOULD BE
IF YOU DECIDE TO SEPARATELY MONITOR THE ENERGY USE (OVER
TIME) FORJUST THE RETROFITTED UNITS.

THE SAME GUIDELINES APPLY TO COMMERCIAL BUILDING
FLOORSPACE; YOU SHOULD REPORT ONLY THE RETROFITTED SQUARE
FOOTAGE IN A BUILDING, PROVIDED THAT IT IS METERED SEPA-
RATELY BY THE UTILITIES OR MONITORED BY YOUR PARTNERSHIP. YOU
MAY ALSO ELECT TO DISAGGREGATE A BUILDING’S TOTAL METERED
ENERGY USE IF YOU EMPLOY DEFENSIBLE CALCULATIONS.

IN ADDITION TO THE ENERGY-RELATED DATA ELEMENTS LISTED IN THE
BOX, ANY OTHER RESULTS GENERATED BY YOUR PARTNERSHIP ARE OF
INTEREST TO REBUILD AMERICA. SUCH RESULTS MAY BE SUBMITTED
IN SUMMARY FORM ALONG WITH AN EXPLANATION OF THE METHOD-
OLOGY AND ASSUMPTIONS YOU USED AND REFERENCES TO ANY REL-
EVANT DOCUMENTS. IN PARTICULAR, REBUILD AMERICA WOULD
LIKE TO SEE THE FOLLOWING TYPES OF RESULTS IF YOU DEVELOP THEM,
AS THEY WOULD PROVE VALUABLE IN COMPILING THE NATIONWIDE
BENEFITS OF THE REBUILD AMERICA PROGRAM:

Rebuild America
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0 ENERGY USE DATA ADJUSTED OVER TIME USING LOCAL OR RE-
GIONAL WEATHER DATA

0 REDUCTIONS IN ELECTRICITY DEMAND

0 REDUCTIONS IN AIR EMISSIONS

R@port Format

ANY NARRATIVE PORTION OF YOUR PROGRESS REPORT CAN BE SUBMIT-
TED ON PAPER OR IN AN ACCEPTABLE ELECTRONIC FORMAT, OR
BOTH. THE FORMAT PREFERRED BY REBUILD AMERICA FOR REPORTING
ENERGY-RELATED DATA IS AN IBM PC-COMPATIBLE ELECTRONIC
SPREADSHEET. VARIATIONS ON THIS FORMAT ARE ACCEPTABLE
(SUCH AS DATABASE FORMATS) AS LONG AS ALL DATA ELEMENTS
ARE PRESENT AND CLEARLY IDENTIFIED. DATA CAN BE SUBMITTED
ON DISKETTE OR BY ELECTRONIC MAIL.

FOR DATA FORMATS DEVIATING FROM THOSE SUGGESTED ABOVE,
CONSULT YOUR REBUILD AMERICA PROGRAM REPRESENTATIVE TO
ARRANGE ALTERNATIVE REPORTING OF FILES. IN SUCH CASES, YOU
MAY BE ASKED TO SUBMIT CERTAIN FILE ATTRIBUTES AND FORMAT
SPECIFICATIONS. YOUR REPRESENTATIVE WILL ALSO PROVIDE YOU
WITH ANY NECESSARY UPDATES WITH REGARD TO REPORTING FORMS
OR FORMATS AS WELL AS INFORMATION ON WHERE TO SUBMIT YOUR
REPORTS.

Q8 VEriFVINGAND REPORTING RESULTS

Reporting to Additional
Organizations

PARTNERS MAY BENEFIT FROM REPORTING THEIR RESULTS TO ADDI-
TIONAL SOURCES. FOR EXAMPLE, REDUCTIONS IN AIR EMISSIONS
(BASED ON DECREASES IN FUEL USE) CAN BE REPORTED TO BOTH
THE ENERGY INFORMATION ADMINISTRATION (EIA) oF DOE AND THE
ENVIRONMENTAL PROTECTION AGENCY (EPA). REPORTS TO EIA ARE
DISCUSSED BELOW. THE EPA REPORTS REQUIRE A SEPARATE VERIFI-
CATION PROTOCOL, WHICH IS DISCUSSED BRIEFLY BELOW.

Voluntary Emissions
Reporting to EIA

DOE’s ENERGY INFORMATION ADMINISTRATION (EIA) HAS DEVEL-
OPED A VOLUNTARY REPORTING PROGRAM FOR REPORTING REDUC-
TIONS IN GREENHOUSE GAS EMISSIONS AND CARBON SEQUESTRATION
AS REQUIRED BY SECTION 1605(B) oF THE NATIONAL ENERGY PoLicy
AcT (EPACT) OF 1992. THERE ARE SEVERAL REASONS YOUR PARTNER-
SHIP MAY WISH TO REPORT EMISSIONS TO EIA, INCLUDING

0 TO GAIN PARTNERSHIP AND COMMUNITY RECOGNITION FOR
ENVIRONMENTAL STEWARDSHIP EFFORTS

0 TO ESTABLISH A PUBLIC RECORD OF EMISSIONS AND REDUC-
TIONS THAT MAY BE REFERENCED IN THE FUTURE



0 TO DEMONSTRATE SUPPORT FOR VOLUNTARY APPROACHES TO
ACHIEVING ENVIRONMENTAL POLICY GOALS

0 TO PROMOTE INFORMATION EXCHANGE ON THE MOST EFFEC-
TIVE WAYS TO REDUCE EMISSIONS OF GREENHOUSE GASES

0 TO INFORM PUBLIC DEBATE ABOUT ACTIVITIES AIMED AT
ACHIEVING REDUCTIONS IN GREENHOUSE GASES

0 TO DEMONSTRATE PROGRESS TOWARD MEETING PREVIOUS
VOLUNTARY COMMITMENTS TO REDUCE EMISSIONS OF GREEN-
HOUSE GASES

SPECIFIC GUIDELINES HAVE BEEN DEVELOPED FOR ESTIMATING
EMISSIONS AND ANALYZING EMISSIONS-REDUCING AND CARBON-
SEQUESTERING PROJECTS. THE GUIDELINES ADDRESS FOUR MAJOR
GREENHOUSE GASES: CARBON DIOXIDE, METHANE, NITROUS OXIDE,
AND HALOGENATED SUBSTANCES. ALTHOUGH OTHER GASES ARE
NOT GENERALLY DISCUSSED, YOU CAN ALSO REPORT NITROGEN OXIDES
(NO,), NON-METHANE VOLATILE ORGANIC COMPOUNDS
(NMVOCs), AND CARBON MONOXIDE (CO).

EIA HAS DESIGNED THIS VOLUNTARY REPORTING PROGRAM TO BE
FLEXIBLE AND EASY TO USE. FOR EXAMPLE, YOU ARE ENCOURAGED
TO USE THE FUEL-CONSUMPTION OR ENERGY-SAVINGS DATA THAT
YOU MAY HAVE ALREADY COMPILED FOR OTHER PROGRAMS OR FOR
YOUR OWN INTERNAL TRACKING. [N ADDITION, YOU MAY USE THE
DEFAULT EMISSIONS FACTORS AND STIPULATED FACTORS DEVELOPED
BY EIA FOR SOME OTHER TYPES OF PROJECTS TO CONVERT YOUR EXIST-

Rebuild America

ING DATA DIRECTLY INTO ESTIMATED EMISSIONS REDUCTIONS. THE
INTENT IS TO SIMPLIFY THE REPORTING PROCESS, NOT TO DISCOURAGE
YOU FROM DEVELOPING YOUR OWN EMISSIONS ESTIMATES.

WHETHER YOUR REPORTS COVER YOUR ENTIRE ORGANIZATION, ONE
PROJECT, OR SOME LEVEL IN BETWEEN, YOU CAN OBTAIN GUID-
ANCE ON ANALYZING YOUR PROJECTS AND DEVELOPING YOUR RE-
PORTS BY CONTACTING EIA. A VARIETY OF COMMUNICATION AV-
CALL AT 1-800-803-5182, CONNECT
THROUGH INTERNET AT HTTP://WWW.EIA.DOE.GOV/OIAF/1605/
FRNTEND.HTML, OR WRITE TO THE ADDRESS BELOW:

ENUES ARE AVAILABLE:

VOLUNTARY REPORTING OF GREENHOUSE GASES PROGRAM
ENERGY INFORMATION ADMINISTRATION, EI-81

U.S. DEPARTMENT OF ENERGY

1000 INDEPENDENCE AVENUE, SW

WasHINGTON, DC 20585

EPA Conservation Verification
FProtocols

TwO PROTOCOLS WERE DEVELOPED BY THE ENVIRONMENTAL PRrO-
TECTION AGENCY (EPA) TO ASSIST UTILITIES IN VERIFYING ENERGY USE
DATA AND, ULTIMATELY, AIR EMISSIONS REDUCTIONS. EPA DEVEL-
OPED THE PROTOCOLS TO IMPLEMENT THE AcCID RAIN PROGRAM OF
THE CLEAN AIR ACcT AMENDMENTS OF 1990 (EPA 1993). AL-
THOUGH THESE PROTOCOLS WERE ORIGINALLY DEVELOPED FOR UTILI-
TIES, THE SAME CONCEPTS MAY BE APPLIED TO INDIVIDUAL

VERIFYING AND REPORTING RESULTS
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BUILDINGS OR GROUPS OF BUILDINGS AT A SPECIFIC LOCATION. IF YOU
ARE WORKING WITH A UTILITY IN YOUR PARTNERSHIP, SOME REGIONAL
BENEFITS MAY BE AVAILABLE FROM SUCH REPORTING.

THE TWO PROTOCOLS ARE KNOWN AS MONITORED ENERGY USE,
WHICH IS THE PREFERRED APPROACH, AND STIPULATED SAVINGS.
ONE OBJECTIVE OF THE MONITORED ENERGY USE PROTOCOL IS TO
MEASURE ENERGY CONSUMPTION TO DETERMINE NET ENERGY SAV-
INGS (THAT IS, THE SAVINGS ATTRIBUTABLE TO AN ENERGY EFFICIENCY
PROGRAM). THE STIPULATED SAVINGS APPROACH USES SIMPLE
EQUATIONS AND STANDARD VALUES FOR ESTIMATING ENERGY SAV-
INGS ASSOCIATED WITH SPECIFIC RETROFIT MEASURES, AND CAN THERE-
FORE BE USED ONLY WITH CERTAIN MEASURES. BOTH PROTOCOLS IN-
CLUDE GUIDELINES FOR VERIFYING THE PERSISTENCE OF ENERGY SAVINGS.

MONITORED ENERGY USE. THIS APPROACH REQUIRES THAT SEVERAL
KEY ACTIVITIES BE ACCOMPLISHED BEFORE THE PROCESS IS USEFUL.
THOSE ACTIVITIES INCLUDE

0 SPECIFYING A REFERENCE CASE

0 ADJUSTING FOR DIFFERENCES IN SUCH VARIABLES AS WEATHER,
OPERATING HOURS, AND NUMBER OF OCCUPANTS

0 DETERMINING NET ENERGY SAVINGS

0 ESTABLISHING AN APPROPRIATE LEVEL OF STATISTICAL CONFI-
DENCE IN THE SAVINGS

100 VeriFving AND REPORTING RESULTS

(THE MOST IMPORTANT FEATURE OF THIS APPROACH IS THE ES-
TABLISHMENT OF A REFERENCE CASE SO THAT NET SAVINGS CAN
BE DETERMINED. NOTE THAT THIS REFERENCE CASE OR BASELINE
DATA SHOULD CORRESPOND AS CLOSELY AS POSSIBLE TO THE SPE-
CIFIC BUILDINGS INCLUDED IN THE RETROFIT. IDEALLY, MONITORING
WILL CONTINUE BOTH BEFORE AND AFTER THE ENERGY EFFICIENCY
MEASURES ARE IMPLEMENTED IN YOUR BUILDINGS. VARIOUS AP-
PROACHES TO MONITORING AND MONITORING PROTOCOLS ARE
DISCUSSED IN APPENDIX B.)

STIPULATED SAVINGS. FOR A LIMITED NUMBER OF WELL-UNDERSTOOD
TECHNOLOGIES, SIMPLE ALGORITHMS CAN BE USED TO ESTIMATE
ENERGY SAVINGS. THE TECHNOLOGIES INCLUDE CONSTANT-LOAD
MOTORS, EXIT-SIGN LIGHTS, AMORPHOUS METAL TRANSFORMERS,
COMMERCIAL LIGHTING, NEW REFRIGERATORS, STREET LIGHTS, AND
WATER HEATER INSULATION BLANKETS. THE STIPULATED SAVINGS
APPROACH IS ESPECIALLY ADVANTAGEOUS FOR NEW RETROFIT PRO-
GRAMS WITH LIMITED FUNDS OR WHEN MONITORED ENERGY USE IS
NOT COST EFFECTIVE. IN EITHER CASE, HOWEVER, THE PERFOR-
MANCE OF MEASURES MUST ALREADY BE WELL DOCUMENTED. FOR
FURTHER INFORMATION ON THESE VERIFICATION PROTOCOLS, YOU ARE
ENCOURAGED TO CONSULT THE APPROPRIATE EPA PUBLICATIONS
(EPA 1993, 1995).

References
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PROGRAMS, VoLUME 1: A GUIDE TO CURRENT PRACTICE. ELEC-
TRIC POWER RESEARCH INSTITUTE, EPRI CU-7179, V1. (AVAILABLE
THROUGH EPRI’s DISTRIBUTION CENTER AT 510-934-4212.)

ORNL. 1991. HANDBOOK OF EVALUATION OF UTILITY DSM PROGRAMS,
EDITED BY ERIC HIRST AND JOHN REED, OAK RIDGE NATIONAL
LABORATORY, ORNL/CON-336. (AVAILABLE THROUGH THE NA-
TIONAL TECHNICAL INFORMATION SERVICE, U.S. DEPARTMENT OF
COMMERCE, 5285 PORT ROYAL ROAD, SPRINGFIELD, VA 22161,
703-487-4650.)
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Appendix A

Unit Conversions

FrROM To MuLTIPLY BY
KWH Bru 3,413
KBTU Btu 1,000
MBTU Bru 1,000,000
SCF ofF NATURAL GAS Btu 1,030
CCF oF NATURAL GAS Bru 103,000
THERM Bru 100,000
GALLONS OF FUEL OIL #2 Bru 138,690
GALLONS OF FUEL OIL #6 Btu 149,690
SHORT TONS OF COAL Bru 23,105,000
GALLONS OF PROPANE BTu 91,333
POUNDS OF PURCHASED STEAM Bru 1,150

NOTE: USE ACTUAL LOCAL VALUES IF KNOWN.

SOURCES: EIA, ANNUAL ENERGY OuTLOOK 1995, APPENDIX |, TABLE 11, P. 173 FOR NATURAL GAS, FUEL
OIL, AND COAL CONVERSIONS; ANNUAL ENERGY REvIEW 1994, APPENDIX A, TABLE Al, P.

345 FOR PROPANE CONVERSION.
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Appemdix B:

Monitoring

PARTNERS IN THE REBUILD AMERICA PROGRAM CAN USE MONI-
TORING TO DIAGNOSE SPECIFIC ENERGY-RELATED PROBLEMS IN
BUILDINGS, TO VERIFY SHORT-TERM RETROFIT SAVINGS, AND TO AS-
SESS LONG-TERM PROGRAM BENEFITS. ENERGY USE MONITORING
OF BUILDINGS OR BUILDING SYSTEMS CAN BE PERFORMED BEFORE
A RETROFIT TO ESTABLISH A REFERENCE OR BASE CASE, TO IDENTIFY
ENERGY-SAVING OPPORTUNITIES, OR TO AID POST-RETROFIT ANALY-
S1S. POST-RETROFIT MONITORING ALONE IS OFTEN USEFUL IF THE PRIOR
ENERGY PERFORMANCE OF AN IMPROVED OR REPLACED SYSTEM IS
WELL UNDERSTOOD. THIS SECTION DESCRIBES TYPICAL MONITORING
APPROACHES AND DISCUSSES MONITORING PROTOCOLS.

Approaches to Monitoring

MOST BUILDING ENERGY MONITORING OR METERING EFFORTS FALL INTO ONE
OF FOUR CATEGORIES:

WHOLE BUILDING ENERGY USE MONITORING

ENERGY END-USE MONITORING

TECHNOLOGY ASSESSMENTS

R o |

BUILDING OR SYSTEM DIAGNOSTICS

Rebuild America
WHOLE BUILDING ENERGY USE MONITORING STUDIES GENERALLY

ANALYZE UTILITY METER DATA FOR THE WHOLE BUILDING AND
GENERATE INDICES ON ENERGY AND POWER USE THAT CAN BE
COMPARED ACROSS A GROUP OF BUILDINGS. THE TYPES OF
ANALYSES THAT MIGHT BE PERFORMED INCLUDE USING ENERGY
INDICES TO IDENTIFY BUILDINGS THAT CONSUME LARGE AMOUNTS
OF ENERGY AND MAY BE CANDIDATES FOR IMPROVEMENTS,
EVALUATING ENERGY EFFICIENCY PROGRAMS USING DATA FROM
MANY BUILDINGS, OR USING DETAILED HOURLY DATA TO DETER-
MINE AVERAGE POWER PROFILES FOR A GROUP OF BUILDINGS. IN
SOME CASES, METERING OF SEPARATE BUILDINGS WITHIN A FACIL-
ITY OR OF INDIVIDUAL ACTIVITIES WITHIN A BUILDING IS DESIRABLE.

ENERGY END-USE MONITORING STUDIES FOR COMMERCIAL BUILD-
INGS DIFFER FROM WHOLE BUILDING STUDIES BY REQUIRING MEA-
SUREMENTS OF ENERGY FLOWS AND/OR POWER LEVELS IN THE
BUILDING AT A SUFFICIENT LEVEL OF DETAIL TO BREAK DOWN THE
DATA ACCORDING TO USE (E.G., HEATING, COOLING, LIGHTING,
FANS, ELEVATORS, OR “OTHER”, DEPENDING ON THE END USES OF
INTEREST). THE TIMEFRAME FOR MONITORING IS OFTEN SET AT ONE
YEAR IN ORDER TO OBTAIN DATA FOR THE DIFFERENT END USES
DURING EACH SEASON.

TECHNOLOGY ASSESSMENTS ARE DIRECTED AT MEASURING THE
FIELD PERFORMANCE OF A BUILDING SYSTEM, RETROFIT MEASURE,
OR OTHER TECHNOLOGY IN INDIVIDUAL BUILDINGS. THE
TIMEFRAME DEPENDS ON THE MONITORING METHODS; IT CAN
BE AS SHORT AS TWO WEEKS OR AS LONG AS A YEAR. IT IS USUALLY
OF INTEREST TO CHARACTERIZE ANY VARIATIONS OBSERVED IN THE
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PERFORMANCE OF THE DIFFERENT SYSTEMS (OR OF DIFFERENT BUILD-
INGS). DETAILED SUPPORTING DATA ON LABORATORY PERFOR-
MANCE OR FROM ON-SITE SURVEYS ARE OFTEN INCORPORATED IN
THESE STUDIES.

DIAGNOSTIC STUDIES OF BUILDINGS OR SYSTEMS ARE GENERALLY OF
SHORT DURATION, WITH MONITORING FOCUSED ON ANSWERING SPE-
CIFIC QUESTIONS RELATED TO ENERGY USE, POWER LEVELS, OR OTHER
PERFORMANCE PARAMETERS ASSOCIATED WITH SPECIFIC BUILDINGS,
BUILDING SYSTEMS, OR TECHNOLOGIES.

YOU WILL TYPICALLY WANT TO FIND GOOD TECHNICAL SUPPORT IN THIS
AREA, AND THE TEAM THAT OVERSEES THE ENERGY AUDITS MAY
ALSO BE ABLE TO HELP DEFINE AND SELECT THE TYPE OF MONITOR-
ING SUPPORT NEEDED. THIS IS AN AREA IN WHICH DOE OFFERS
STRONG TECHNICAL SUPPORT TO ITS REBUILD AMERICA PARTNERS.

Monitoring Frotocols

THERE ARE SEVERAL MONITORING PROTOCOLS THAT HAVE BEEN
DEVELOPED BY PROFESSIONAL SOCIETIES OVER THE PAST SEVERAL
YEARS. MANY OF THESE ARE DISCUSSED IN THE STANDARD GUIDE
FOR DEVELOPING ENERGY MONITORING PROTOCOLS FOR COMMER-
CIAL AND INSTITUTIONAL BUILDINGS OR FACILITIES (ASTM 1991) AND
BUILDING ENERGY MoniTORING (ASHRAE 1995). THESE PROTO-
COLS ARE BASED ON THE “LESSONS LEARNED” FROM A VARIETY OF
LARGE, END-USE LOAD-MONITORING PROJECTS THAT WERE CON-
DUCTED DURING THE 1980s (EPRI 1986, GILLMAN ET AL. 1989,

MACDONALD ET AL. 1989, ACHERMAN 1990, MARTINEZ AND
POWERS 1990, AND KASMAR ET AL. 1990).

THE BASIC ELEMENTS OF A SUCCESSFUL MONITORING PROGRAM CAN
BE BROKEN DOWN INTO NINE STEPS, AS LISTED BELOW (ASHRAE
1995).

1. IDENTIFY PROJECT GOALS, OBJECTIVES, AND RESEARCH
QUESTIONS.

SPECIFY DATA PRODUCTS AND OUTPUT.

SPECIFY APPROACH TO EXPERIMENTAL DESIGN.

SPECIFY PROCEDURES AND ALGORITHMS FOR DATA ANALYSIS.

SPECIFY MONITORING POINTS OF FIELD DATA.

SPECIFY BUILDING CHARACTERISTICS.

RESOLVE CONCERNS REGARDING ACCURACY OF DATA.

SPECIFY PROCEDURES FOR VERIFICATION AND QUALITY CONTROL.

SPECIFY FORMATS FOR RECORDING AND REPORTING DATA.

0N o RN

THE EXACT NATURE AND LEVEL OF DETAIL APPROPRIATE FOR ANY
ONE STEP IS DEPENDENT ON THE NUMBER OF BUILDINGS TO BE
CONSIDERED. TYPICALLY, AN ITERATIVE APPROACH IS TAKEN TO
IMPLEMENT THESE STEPS, BASED ON ANTICIPATED COSTS AND
THE AVAILABLE RESOURCES.
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List of Acronyms

ACEC AMERICAN CONSULTING ENGINEERS COUNCIL

ACEEE AMERICAN COUNCIL FOR AN ENERGY EFFICIENT
Economy

ASHRAE AMERICAN SOCIETY OF HEATING, REFRIGERATING
AND AIR-CONDITIONING ENGINEERS

ASME AMERICAN SOCIETY OF MECHANICAL ENGINEERS

ASTM AMERICAN SOCIETY FOR TESTING AND MATERIALS

BECA BUILDING ENERGY AND COMPILATION ANALYSIS
(DATABASE)

BNL BROOKHAVEN NATIONAL LABORATORY

BOCA BUILDING OFFICIALS AND CODE ADMINISTRATORS

BPA BONNEVILLE POWER ADMINISTRATION

CABO CouNciL oF AMERICAN CODE OFFICIALS

CBECS EIA’s COMMERCIAL BUILDINGS ENERGY CONSUMP-
TION SURVEY

CFC CHLOROFLUOROCARBON

co CARBON MONOXIDE

cop COEFFICIENT OF PERFORMANCE

CVP CONSERVATION VERIFICATION PROTOCOLS

DHC DISTRICT HEATING AND COOLING

DOE U.S. DEPARTMENT OF ENERGY

DSM DEMAND-SIDE MANAGEMENT

EEI EDISON ELECTRIC INSTITUTE

EER ENERGY EFFICIENCY RATIO

EIA ENERGY INFORMATION AGENCY (DOE)

ELCAP

ELF
EMCS
EMS
EOLF
EPA
EPACT
EPRI
EREC

ESCo
EUI
FCA
HUD

HVAC
IAQ
ICP
[ESNA

LCC
LBNL

MEC
NBS
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END-USeE LOoAD CONSERVATION ASSESSMENT
PROGRAM

ELECTRICAL LOAD FACTOR

ENERGY MANAGEMENT CONTROL SYSTEMS
ENERGY MANAGEMENT SYSTEM

ELECTRICAL OCCUPANCY LOAD FACTOR

U.S. ENVIRONMENTAL PROTECTION AGENCY
ENERGY PoLicy AcT oF 1992

ELECTRIC POWER RESEARCH INSTITUTE

ENERGY EFFICIENCY AND RENEWABLE ENERGY
CLEARINGHOUSE

ENERGY SERVICE COMPANY

ENERGY USE INDEX

FUEL COST ADJUSTMENT

U.S. DEPARTMENT OF HOUSING AND URBAN
DEVELOPMENT

HEATING, VENTILATING, AND AIR CONDITIONING
INDOOR AIR QUALITY

INSTITUTIONAL CONSERVATION PROGRAM
ILLUMINATING ENGINEERING SOCIETY OF NORTH
AMERICA

LIFE CYCLE cosT

LAWRENCE BERKELEY NATIONAL LABORATORY (FOR-
MERLY LAWRENCE BERKELEY LABORATORY)

MobpEeL ENERGY CoDE (CABO’s)

NATIONAL BUREAU OF STANDARDS (SINCE RENAMED
THE NATIONAL INSTITUTE OF STANDARDS AND TECH-
NOLOGY)

LISTS OFACRONYMS AND UNITS
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NECA

NECC
NMVOCs
NTIS
o&M
ORNL
OsTI

PCB
PNNL

RECS
SECP

List

Bru
CCF
KBTU
KVA
KW
KWH
MBTU
QuAD
SCF
THERM
W

110 LsstsorAcronyms AN UniTs

NATIONAL ELECTRICAL CONTRACTORS ASSOCIATION
NATIONAL ENERGY CONSERVATION CoDE (BOCA’S)
NONMETHANE VOLATILE ORGANIC COMPOUNDS
NATIONAL TECHNICAL INFORMATION SERVICE
OPERATIONS AND MAINTENANCE

OAK RIDGE NATIONAL LABORATORY

OFFICE OF SCIENTIFIC AND TECHNICAL INFORMATION
POLYCHLORINATED BIPHENYL

PaciFic NORTHWEST NATIONAL LABORATORY (FORMERLY
PAcIFic NORTHWEST LABORATORY)

EIA’S RESIDENTIAL ENERGY CONSUMPTION SURVEY
STATE ENERGY CONSERVATION PROGRAM

of Units

BRITISH THERMAL UNIT (REFER TO APPENDIX A)
HUNDRED CUBIC FEET (OF GAS)
THOUSAND BTus

KILO-VOLT AMPERES

KILOWATTS

KILOWATT-HOURS

MiLuioN BTus

QUADRILLION BRITISH THERMAL UNITS
STANDARD CUBIC FEET
HUNDRED-THOUSAND BTus

WATTS
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FOR TECHNICAL ASSISTANCE OR ADDITIONAL INFORMATION, CONTACT YOUR
REGIONAL REBUILD AMERICA PROGRAM REPRESENTATIVE. GENERAL QUES-
TIONS REGARDING THE PROGRAM SHOULD BE DIRECTED TO:

ENERGY EFFICIENCY AND RENEWABLE ENERGY CLEARINGHOUSE
(EREC)

P.0.Box 3048
MERRIFIELD, VA 22116
PHONE: 1-800-DOE-EREC (363-3732)
INTERNET: ENERGYINFO@DELPHI.COM
TDD: 1-800-273-2957

Dept. of Energy
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THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED BY AN AGENCY OF THE UNITED
STATES GOVERNMENT. NEITHER THE UNITED STATES GOVERNMENT NOR ANY AGENCY THEREOF, NOR
ANY OF THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY LEGAL
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PRIVATELY OWNED RIGHTS. THE VIEWS AND OPINIONS OF AUTHORS EXPRESSED HEREIN DO NOT
NECESSARILY STATE OR REFLECT THOSE OF THE UNITED STATES GOVERNMENT OR ANY AGENCY THEREOF.



